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NUCLEIC ACID ACCESSIBLE HYBRIDIZATION SITES 

The present invention claims priority to U.S. provisional application 60/212,308, 
filed June 17, 2000. 

FIELD OF THE INVENTION 

The present invention relates to methods and compositions for analyzing nucleic 
acids, and in particular, methods and compositions for detection and characterization of 
nucleic acid sequences and sequence changes. The present invention also provides 
methods and compositions for identifying oligonucleotides with desired hybridization 
properties to nucleic acid targets containing secondary structure. 

BACKGROUND OF THE INVENTION 

The detection and characterization of specific nucleic acid sequences and 
sequence changes have been utilized to detect the presence of viral or bacterial nucleic 
acid sequences indicative of an infection, the presence of variants or alleles of 
mammalian genes associated with disease and cancers, and the identification of the 
source of nucleic acids found in forensic samples, as well as in paternity determinations. 
As nucleic acid sequence data for genes from humans and pathogenic organisms 
accumulates, the demand for fast, cost-effective, and easy-to-use tests for as yet 
unknown, as well as known, mutations within specific sequences is rapidly increasing. 

A handful of methods have been devised to scan nucleic acid segments for 
mutations. One option is to determine the entire gene sequence of each test sample (e.g., 
a clinical sample suspected of containing bacterial strain). For sequences under 
approximately 600 nucleotides, this may be accomplished using amplified material (e.g., 
PCR reaction products). This avoids the time and expense associated with cloning the 
segment of interest. However, specialized equipment and highly trained personnel are 
required for DNA sequencing, and the method is too labor-intense and expensive to be 
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practical and effective in the clinical setting. 

In view of the difficulties associated with sequencing, a given segment of nucleic 
acid may be characterized on several other levels. At the lowest resolution, the size of the 
molecule can be determined by electrophoresis by comparison to a known standard run 
5 on the same gel. A more detailed picture of the molecule may be achieved by cleavage 

with combinations of restriction enzymes prior to electrophoresis, to allow construction 
of an ordered map. The presence of specific sequences within the fragment can be 
detected by hybridization of a labeled probe, or, as noted above, the precise nucleotide 
sequence can be determined by partial chemical degradation or by primer extension in the 

1 0 presence of chain-terminating nucleotide analogs. 

For detection of single-base differences between like sequences (e.g., the wild 
type and a mutant form of a gene), the requirements of the analysis are often at the 
highest level of resolution. For cases in which the position of the nucleotide in question 
is known in advance, several methods have been developed for examining single base 

1 5 changes without direct sequencing. For example, if a mutation of interest happens to fall 

within a restriction recognition sequence, a change in the pattern of digestion can be used 
as a diagnostic tool (e.g., restriction fragment length polymorphism [RFLP] analysis). In 
this way, single point mutations can be detected by the creation or destruction of RFLPs. 
Single-base mutations have also been identified by cleavage of RNA-RNA or 

20 RNA-DNA heteroduplexes using RNaseA (Myers et aL, Science 230: 1242 [1985] and 

Winter et al, Proc. Natl. Acad. Sci. USA 82:7575 [1985]). Mutations are detected and 
localized by the presence and size of the RNA fragments generated by cleavage at the 
mismatches. Single nucleotide mismatches in DNA heteroduplexes are also recognized 
and cleaved by some chemicals, providing an alternative strategy to detect single base 

25 substitutions, generically named the "Mismatch Chemical Cleavage" (MCC) (Gogos et 

al, Nucl. Acids Res., 18:6807-6817 [1990]). However, this method requires the use of 
osmium tetroxide and piperidine, two highly noxious chemicals that are not suited for use 
in a clinical laboratory. Enzymes such as the bacteriophage T4 endonuclease VII have 



-2- 



been used in Enzymatic Mismatch Cleavage (EMC) (Youil et al, Genomics 32:431 
[1996]). However, all of the mismatch cleavage methods lack sensitivity to some 
mismatch pairs, and all are prone to background cleavage at sites removed from the 
mismatch. Furthermore, the generation of purified fragments to be used in heteroduplex 
formation is both labor intensive and time consuming. 

RFLP analysis suffers from low sensitivity and requires a large amount of sample. 
When RFLP analysis is used for the detection of point mutations, it is, by its nature, 
limited to the detection of only those single base changes which fall within a restriction 
sequence of a known restriction endonuclease. Moreover, the majority of the 
availableenzymes have 4 to 6 base-pair recognition sequences, and cleave too frequently 
for many large-scale DNA manipulations (Eckstein and Lilley (eds.), Nucleic Acids and 
Molecular Biology, vol 2, Springer- Verlag, Heidelberg [1988]). Thus, it is applicable 
only in a small fraction of cases, as most mutations do not fall within such sites. 

A handful of rare-cutting restriction enzymes with 8 base-pair specificities have 
been isolated and these are widely used in genetic mapping, but these enzymes are few in 
number, are limited to the recognition of G+C-rich sequences, and cleave at sites that 
tend to be highly clustered (Barlow and Lehrach, Trends Genet., 3:167 [1987]). 
Recently, endonucleases encoded by group I introns have been discovered that might 
have greater than 12 base-pair specificity (Perlman and Butow, Science 246:1 106 
[1989]), but again, these are few in number. 

If the change is not in a restriction enzyme recognition sequence, then 
allele-specific oligonucleotides (ASOs) can be designed to hybridize in proximity to the 
unknown nucleotide, such that a primer extension or ligation event can be used as the 
indicator of a match or a mismatch. Hybridization with radioactively labeled ASOs also 
has been applied to the detection of specific point mutations (Conner, Proc. Natl. Acad. 
Sci., 80:278 [1983]). The method is based on the differences in the melting temperature 
of short DNA fragments differing by a single nucleotide (Wallace et al, Nucl. Acids 
Res., 6:3543 [1979]). Similarly, hybridization with large arrays of short oligonucleotides 
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is now used as a method for DNA sequencing (Bains and Smith, J. Theor. Biol., 135:303 
[1988]; Drmanac et al., Genomics 4: 1 14 [1989]). To perform either method it is 
necessary to work under conditions in which the formation of mismatched duplexes is 
eliminated or reduced while perfect duplexes still remain stable. Such conditions are 
5 termed "high stringency" conditions. The stringency of hybridization conditions can be 

altered in a number of ways known in the art. In general, changes in conditions that 
enhance the formation of nucleic acid duplexes, such as increases in the concentration of 
salt, or reduction in the temperature of the solution, are considered to reduce the 
stringency of the hybridization conditions. Conversely, reduction of salt and elevation of 

10 temperature are considered to increase the stringency of the conditions. Because it is easy 

to change and control, variation of the temperature is commonly used to control the 
stringency of nucleic acid hybridization reactions. 

Discrimination of hybridization based solely on the presence of a mismatch 
imposes a limit on probe length because effect of a single mismatch on the stability of a 

15 duplex is smaller for longer duplexes. For oligonucleotides designed to detect mutations 

in genomes of high complexity, such as human DNA, it has been shown that the optimal 
length for hybridization is between 16 and 22 nucleotides, and the temperature window 
within which the hybridization stringency will allow single base discrimination can be as 
large as 10°C (Wallace [1979], supra). Usually, however, it is much narrower, and for 

20 some mismatches, such as G-T, it may be as small as 1 to 2°C. These windows may be 

even smaller if any other reaction conditions, such as temperature, pH, concentration of 
salt and the presence of destabilizing agents {e.g., urea, formamide, dimethylsulfoxide) 
alter the stringency. Thus, for successful detection of mutations using such high 
stringency hybridization methods, a tight control of all parameters affecting duplex 

25 stability is critical. 

In addition to the degree of homology between the oligonucleotide probe and the 
target nucleic acid, efficiency of hybridization also depends on the secondary structure of 
the target molecule. Indeed, if the region of the target molecule that is complementary to 



-4- 



the probe is involved in the formation of intramolecular structures with other regions of 
the target, this will reduce the binding efficiency of the probe. Interference with 
hybridization by such secondary structure is another reason why high stringency 
conditions are so important for sequence analysis by hybridization. High stringency 
5 conditions reduce the probability of secondary structure formation (Gamper et aL, J. Mol. 

Biol., 197:349 [1987]). Another way to of reducing the probability of secondary structure 
formation is to decrease the length of target molecules, so that fewer intrastrand 
interactions can occur. This can be done by a number of methods, including enzymatic, 
chemical or thermal cleavage or degradation. Currently, it is standard practice to perform 

10 such a step in commonly used methods of sequence analysis by hybridization to fragment 

the target nucleic acid into short oligonucleotides (Fodor et al, Nature 364:555 [1993]). 

ASOs have also been adapted to the PCR method. In this, or in any primer 
extension-based assay, the nucleotide to be investigated is positioned opposite the 3' end 
of a primer oligonucleotide. If the bases are complementary, then a DNA polymerase can 

15 extend the primer with ease; if the bases are mismatched, the extension may be blocked. 

Blocking of PCR by this method has had some degree of success, but not all mismatches 
are able to block extension. In fact, a "T" residue on the 3 ? end of a primer can be 
extended with reasonable efficiency when mis-paired with any of the non-complementary 
nucleotide when Taq DNA polymerase, a common PCR enzyme, is used (Kwok, et aL, 

20 Nucl. Acids. Res. 18:999 [1990]). Further, if any of the enzymes having 3 ! -5' 

exonuclease "proofreading" activity (e.g., Vent DNA polymerase, New England Biolabs, 
Beverly MA) are used, the mismatch is first removed, then filled in with a matched 
nucleotide before further extension. This dramatically limits the scope of application of 
PCR in this type of direct mutation identification. 

25 Two other methods of mutation detection rely on detecting changes in 

electrophoretic mobility in response to minor sequence changes. One of these methods, 
termed "Denaturing Gradient Gel Electrophoresis" (DGGE) is based on the observation 
that slightly different sequences will display different patterns of local melting when 
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electrophoretically resolved on a gradient gel. In this manner, variants can be 
distinguished, as differences in the melting properties of homoduplexes versus 
heteroduplexes differing in a single nucleotide can be used to detect the presence of 
mutations in the target sequences because of the corresponding changes in the 
5 electrophoretic mobilities of the hetero- and homoduplexes. The fragments to be 

analyzed, usually PCR products, are "clamped" at one end by a long stretch of G-C base 
pairs (30-80) to allow complete denaturation of the sequence of interest without complete 
dissociation of the strands. The attachment of a GC "clamp" to the DNA fragments 
increases the fraction of mutations that can be recognized by DGGE (Abrams et al. 9 

10 Genomics 7:463 [1990]). Attaching a GC clamp to one primer is critical to ensure that 

the amplified sequence has a low dissociation temperature (Sheffield et al. 9 Proc. Natl. 
Acad. Sci., 86:232 [1989]; and Lerman and Silverstein, Meth. Enzymol., 155:482 
[1987]). Modifications of the technique have been developed, using temperature gradient 
gels (Wartell et al., Nucl. Acids Res., 18:2699-2701 [1990]), and the method can be also 

15 applied to RNA:RNA duplexes (Smith et al y Genomics 3:217 [1988]). 

Limitations on the utility of DGGE include the requirement that the denaturing 
conditions must be optimized for each specific nucleic acid sequence to be tested. 
Furthermore, the method requires specialized equipment to prepare the gels and maintain 
the high temperatures required during electrophoresis. The expense associated with the 

20 synthesis of the clamping tail on one oligonucleotide for each sequence to be tested is 

also a major consideration. In addition, long running times are required for DGGE. The 
long running time of DGGE was shortened in a modification of DGGE called constant 
denaturant gel electrophoresis (CDGE) (Borrensen et al. 9 Proc. Natl. Acad. Sci. USA 
88:8405 [1991]). CDGE requires that gels be performed under different denaturant 

25 conditions in order to reach high efficiency for the detection of unknown mutations. Both 

DGGE and CDGE are unsuitable for use in clinical laboratories. 

A technique analogous to DGGE, termed temperature gradient gel electrophoresis 
(TGGE), uses a thermal gradient rather than a chemical denaturant gradient (Scholz et al, 
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Hum. Mol. Genet., 2:2155 [1993]). TGGE requires the use of specialized equipment that 
can generate a temperature gradient perpendicularly oriented relative to the electrical 
field. TGGE can detect mutations in relatively small fragments of DNA therefore 
scanning of large gene segments requires the use of multiple PCR products prior to 
5 running the gel. 

Another common method, called "Single-Strand Conformation Polymorphism" 
(SSCP) was developed by Hayashi, Sekya and colleagues (reviewed by Hayashi, PCR 
Meth. Appl., 1:34-38, [1991]) and is based on the observation that single strands of 
nucleic acid can take on characteristic conformations under non-denaturing conditions, 

10 and these conformations influence electrophoretic mobility. The complementary strands 

assume sufficiently different structures that the two strands may be resolved from one 
another. Changes in the sequence of a given fragment will also change the conformation, 
consequently altering the mobility and allowing this to be used as an assay for sequence 
variations (Orita, et aL, Genomics 5:874 [1989]). 

15 The SSCP process involves denaturing a DNA segment (e.g., a PCR product) that 

is usually labeled on both strands, followed by slow electrophoretic separation on a 
non-denaturing polyacrylamide gel, so that intra-molecular interactions can form and not 
be disturbed during the run. This technique is extremely sensitive to variations in gel 
composition and temperature. A serious limitation of this method is the relative difficulty 

20 encountered in comparing data generated in different laboratories, under apparently 

similar conditions. 

The dideoxy fingerprinting (ddF) technique is another technique developed to 
scan genes for the presence of unknown mutations (Liu and Sommer, PCR Methods 
Applic, 4:97 [1994]). The ddF technique combines components of Sanger dideoxy 
25 sequencing with SSCP. A dideoxy sequencing reaction is performed using one dideoxy 

terminator and then the reaction products are electrophoresed on nondenaturing 
polyacrylamide gels to detect alterations in mobility of the termination segments as in 
SSCP analysis. While ddF is an improvement over SSCP in terms of increased 
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sensitivity, ddF requires the use of expensive dideoxynucleotides and this technique is 
still limited to the analysis of fragments of the size suitable for SSCP (i.e., fragments of 
200-300 bases for optimal detection of mutations). 

In addition to the above limitations, all of these methods are limited as to the size 
5 of the nucleic acid fragment that can be analyzed. For the direct sequencing approach, 

sequences of greater than 600 base pairs require cloning, with the consequent delays and 
expense of either deletion sub-cloning or primer walking, in order to cover the entire 
fragment. SSCP and DGGE have even more severe size limitations. Because of reduced 
sensitivity to sequence changes, these methods are not considered suitable for larger 

10 fragments. Although SSCP is reportedly able to detect 90% of single-base substitutions 

within a 200 base-pair fragment, the detection drops to less than 50% for 400 base pair 
fragments. Similarly, the sensitivity of DGGE decreases as the length of the fragment 
reaches 500 base-pairs. The ddF technique, as a combination of direct sequencing and 
SSCP, is also limited by the relatively small size of the DNA that can be screened. 

15 Another method of detecting sequence polymorphisms based on the conformation 

assumed by strands of nucleic acid is the CLEAVASE Fragment Length Polymorphism 
(CFLP) method (Brow et aL, J. Clin. Microbiol., 34:3129 [1996]; PCT Publication WO 
96/15267; U.S. Patent Nos. 5,843,654; and co-pending Application Serial No. 
08/520,946, herein incorporated by reference in their entireties). This method uses the 

20 actions of a structure specific nuclease to cleave the folded structures, thus creating a set 

of product fragments that can by resolved by size (e.g., by electrophoresis). This method 
is much less sensitive to size so that entire genes, rather than gene fragments, may be 
analyzed. 

In many situations (e.g., in many clinical laboratories), electrophoretic separation 
25 and analysis may not be technically feasible, or may not be able to accommodate the 

processing of a large number of samples in a cost-effective manner. There is a clear need 
for a method of analyzing the characteristic conformations of nucleic acids without the 
need for either electrophoretic separation of conformations or fragments or for elaborate 
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and expensive methods of visualizing gels (e.g., darkroom supplies, blotting equipment or 
fluorescence imagers). 

In addition to the apparently fortuitous folded conformations that may be assumed 
by any nucleic acid segment, as noted above, the folded structures assumed by some 
5 nucleic acids are linked in a variety of ways to the function of that nucleic acid. For 

example, tRNA structure is critical to its proper function in protein assembly, ribosomal 
RNA (rRNA) structures are essential to the correct function of the ribosome, and correct 
folding is essential to the catalytic function of Group I self-splicing introns (See e.g., the 
chapters by Woese and Pace (p. 91), Noller (p. 137), and Cech (p. 239) in Gesteland and 

10 Atkins (eds.), The RNA World, Cold Spring Harbor Laboratory Press, Cold Spring 

Harbor, NY [1993]). Folded structures in viral RNAs have been linked to infectivity 
(Proutski et aL, J Gen Virol., 78( Pt 7):1543-1549 [1997], altered splicing (Ward, et al, 
Virus Genes 10:91 [1995]), translation^ frameshifting (Bidou et aL, RNA 3:1 153 
[1997]), packaging (Miller, et at J Virol., 71:7648 [1997]), and other functions. In both 

15 prokaryotes and eukaryotes, RNA structures are linked to post-transcriptional control of 

gene expression through mechanisms including attenuation of translation (Girelli et aL, 
Blood 90:2084 [1997], alternative splicing (Howe and Ares, Proc. Natl. Acad. Sci. USA 
94:12467 [1997]) and signaling for RNA degradation (Veyrune et al, Oncogene 11:2127 
[1995]). Messenger RNA secondary structure has also been associated with localization 

20 of that RNA within cells (Serano and Cohen, Develop., 121:3809-3818 [1995]). In DNA, 

it has been shown that cruciform structures have also been tied to control of gene 
expression (Hanke et al., J. Mol. Biol., 246:63 [1995]). It can be seen from these few 
examples that the use of folded structures as signals within organisms is not uncommon, 
nor is it limited to non-protein-encoding RNAs, such as rRNAs, or to non-protein- 

25 encoding regions of genomes or messenger RNAs. 

Some mutations and polymorphisms associated with altered phenotype act by 
altering structures assumed by nucleic acids. Any of the functions and pathways cited 
above may be altered, e.g., decreased or increased in efficacy, by such a structural 
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alteration. Such alterations in function may be associated with medically relevant effects, 
including but not limited to tumor growth or morphology (Thompson et al, Oncogene 
14:1715 [1997]), drug resistance, or virulence (Mangada and Igarishi, Virus Genes 14:5 
[1997], Ward et ai, supra) in pathogens. For example, the iron availability in blood in 
5 controlled by the protein ferritin, an iron storage protein. Ferritin levels are controlled 

post-transcriptionally by binding of iron-regulatory proteins to a structure (an iron- 
responsive element, or IRE) on 5 ! untranslated region of the ferritin mRNA, thereby 
blocking translation when iron levels are low. Hereditary hyperferritinemia, an iron 
storage disorder linked to cataract formation, had been found in some cases to be caused 
1 0 by mutations in the IRE that alter or delete the structure, preventing translational 

regulation. 

It can easily be appreciated from these few examples that ability to rapidly 
analyze nucleic acid structure would be a useful tool for both basic and clinical research 
and for diagnostics. Further, accurate identification of nucleic acid structures would 

15 facilitate the design and application of therapeutic agents targeted directly at nucleic 

acids, such as antisense oligonucleotides, aptamers and peptide nucleic acid agents. 

Targeting mRNA with sequence-specific deoxyoligonucleotides has recently 
gained attention for purposes of antisense research, oligomer hybridization for various 
gene expression assays such as the INVADER assay (Lyamichev et ai, Nature 

20 Biotechnology 17:292 [1999]), and primer selection for reverse transcription and 

extension experiments. One of the major problems associated with such experiments is 
the ability to define regions of the RNA that can be efficiently targeted for 
oligonucleotide hybridization. To simply use randomly selected complementary 
oligonucleotides for a given RNA target without prior knowledge of regions of the RNA 

25 that allow efficient hybridization has been proven to be an ineffective approach. It is 

estimated that targeting RNA with antisense oligonucleotides based on random design 
results in one out of 18-20 tested oligonucleotides showing significant inhibition of gene 
expression (Sczakiel, Fronteirs in Biosciences 5:194 [2000]; Patzel et aL, Nucleic Acids 
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Res., 27:4328 [1999]; Peyman et aL, Biol. Chem. Hoppe-Seyler 367:195 [1995]; Monia 
et aL, Nature Med., 2:668 [1996]). Secondary and tertiary structures of RNA are thought 
of to be the major reasons that influence the ability of an oligonucleotide to bind targeted 
regions of the RNA (Vickers et aL, Nucleic Acids Res., 28: 1340 [2000]; Lima et aL, 
5 Biochemistry 31:12055 [1992]; Uhlenbeck, J. Mol. Biol., 65:25 [1972]; Freier and 

Tinoco, Biochemistry 14:3310 [1975]). This is due to the hybridization kinetics and 
thermodynamics of destroying any structural motifs of the RNA and, in return, 
hybridizing the complementary DNA oligonucleotide (Patzel et aL, Nucleic Acids Res., 
27:4328 [1999]; Mathews et aL, RNA 5:1458 [1999]). Thus, the ability to identify 

10 regions of RNA that are "accessible" for hybridization is of crucial importance for design 

and selection of effective oligonucleotides. 

To date, there are few experimental and theoretical methods available for 
identifying accessible regions in RNA. These include the use of RNase-H footprinting 
(Ho et aL, Nature Biotechnology 16:59 [1998]; Mateeva et aL, Nucleic Acids Res., 

15 25:5010 [1997]; Mateeva et aL, Nature Biotechnology 16:1374 [1998]), complementary 

arrays of oligonucleotide libraries (Southern et aL, Nucleic Acids Res., 22:1368 [1994]; 
Mir and Southern, Nature Biotechnology 17:788 [1999]), ribozyme libraries with random 
hexamer internal guide sequences (Campbell and Cech, RNA 1:598 [1995]; Lan et aL, 
Science 280:1593 [1998]), and RNA and DNA structure prediction computer programs 

20 (Sczakiel, Frontiers in Biosciences 5:194 [2000]; Patzel et aL, Nucleic Acids Res., 

27:4328 [1999]; Zuker, Science 244:48 [1989]; Walton et aL, Biotechnol. Bioeng., 65:1 
[1999]). Thus, the art is in need of realiable and efficient methods for identifying and 
characterizing accessible regions of RNA. 

25 SUMMARY OF THE INVENTION 

The present invention relates to methods and compositions for treating nucleic 
acid, and in particular, methods and compositions for detection and characterization of 
nucleic acid sequences and sequence changes. The present invention provides methods 
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for examining the conformations assumed by single strands of nucleic acid, forming the 
basis of novel methods of detection of specific nucleic acid sequences. The present 
invention contemplates use of novel detection methods for, among other uses, clinical 
diagnostic purposes, including but not limited to the detection and identification of 
5 pathogenic organisms. The present invention also provides methods for identifying 

oligonucleotides with desired hybridization properties to nucleic acid targets containing 
secondary structure. 

For example, the present invention provides methods for designing 
oligonucleotides that interact with folded nucleic acids. It is contemplated that such 

10 oligonucleotides may be used for either diagnostic (e.g., detection or analysis of 

structure) or therapeutic (e.g., alteration of structure function) purposes. When used to 
detect nucleic acid structure, it is contemplated that the resulting oligonucleotide/folded 
nucleic acid target complexes may be detected directly (e.g., by capture), or may be 
detected as the result of a further catalyzed reaction that is enabled by the complex 

1 5 formation, including but not limited to a ligation, a primer extension, or a nuclease 

cleavage reaction. It will easily be appreciated by those skilled in the art that 
performance of bridging oligonucleotides in these basic enzymatic reactions is indicative 
of their utility in assays that are based on reiterative performance of these basic reactions, 
including but not limited to cycle sequencing, polymerase chain reaction, ligase chain 

20 reaction, cycling probe reaction and the INVADER invasive cleavage reaction. The 

present invention provides methods of using the bridging oligonucleotides in each of the 
basic enzymatic reaction systems, and in the INVADER invasive cleavage system. 

The present invention further provides an alternative experimental method, based 
on reverse transcription and polymerase chain reaction (RT-PCR) for determining regions 

25 of RNA targets that are readily available for participation in oligonucleotide 

hybridization. Such available regions are termed "accessible sites." Determination of 
accessible sites finds use, for example, in identifying and designing antisense 
oligonucleotide that efficiently hybridize to target structures and in identifying and 
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designing oligonucleotides for use in the structure-probing methods disclosed herein. 

The present invention contemplates using the interactions between probe 
oligonucleotides and folded nucleic acid strands in methods for detection and 
characterization of nucleic acid sequences and sequence changes. In another 
5 embodiment, the present invention contemplates the use of structure based nucleic acid 

interactions in the analysis of particular structured regions of nucleic acids, as a 
determination of function or alteration of function. A complex formed by the specific 
interaction (i.e., reproducible and predictable under a given set of reaction conditions) of 
a probe with a target nucleic acid sequence is referred to herein as a "probe/folded target 

10 nucleic acid complex." The interactions contemplated may be a combination of standard 

hybridization of oligonucleotides to contiguous, co-linear complementary bases, or may 
include standard base-pairing to non-contiguous regions of complementarity on a strand 
of nucleic acid to be analyzed. In this context, the term "standard base pairing" refers to 
hydrogen bonding that occurs between complementary bases, adenosine to thymidine or 

15 uracil and guanine to cytosine to form double helical structures of the A or B form. Such 

standard base pairing may also be referred to as Watson-Crick base pairing. It is 
contemplated that the interactions between the oligonucleotides of the present invention 
(i.e., the probes and the targets) may include non-standard nucleic acid interactions 
known in the art, such as triplex structures, quadraplex aggregates, and the multibase 

20 hydrogen bonding such as is observed within nucleic acid tertiary structures, such as 

those found in tRNAs. It is contemplated that in one embodiment, the interactions 
between the oligonucleotides of the present invention may consist primarily of 
non-standard nucleic acid interactions. In one embodiment, the specific probe/folded 
target nucleic acid complex uses oligonucleotides that lack unique complementarity to 

25 each other (e.g., the shorter nucleic acid probe lacks segments that are long enough to be 

complementary to only a single site within the longer nucleic acid or its complement). 

The present invention contemplates the use of probes that are designed to interact 
with non-contiguous regions of complementarity. In one embodiment, such probes are 
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constructed by incorporating within a single oligonucleotide segments that are 
complementary to two or more non-contiguous regions in the target nucleic acid of 
interest. 

In another embodiment, this mixture is present in an aqueous solution. The 
5 invention is not limited by the nature of the aqueous solution employed. The aqueous 

solution may contain mono- and divalent ions, non-ionic detergents, buffers, stabilizers, 
etc. 

The present invention provides a method, comprising: a) providing: i) a folded 
target having a nucleic acid (e.g., deoxyribonucleic acid [DNA] sequence) comprising 

10 one or more double stranded regions and one or more single stranded regions; and ii) one 

or more oligonucleotide probes complementary to at least a portion of said folded target; 
and b) mixing said folded target and said one or more probes under conditions such that 
said probe hybridizes to said folded target to form a probe/folded target complex. The 
degree of complementarity between the probes and the target nucleic acids may be 

15 complete or partial (e.g., contain at least one mismatched base pair). The method is not 

limited by the nature of the target DNA employed to provide the folded target DNA. In 
one embodiment, the target DNA comprises single-stranded DNA. In another 
embodiment, the target DNA comprises double-stranded DNA. Folded target DNAs may 
be produced from either single-stranded or double-stranded target DNAs by denaturing 

20 (e.g., heating) the DNA and then permitting the DNA to form intra-strand secondary 

structures. The method is not limited by the manner in which the folded target DNA is 
generated. The target DNA may be denatured by a variety of methods known to the art 
including heating, exposure to alkali, etc. and then permitted to renature under conditions 
that favor the formation of intra-strand duplexes (e.g., cooling, diluting the DNA solution, 

25 neutralizing the pH, etc.). 

The method is also not limited by the nature of the oligonucleotide probes; these 
probes may comprise DNA, RNA, PNA and combinations thereof as well as comprise 
modified nucleotides, universal bases, adducts, etc. 
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In a preferred embodiment, the method further comprises detecting the presence 
of said probe/folded target complex. When a detection step is employed either the probe 
or the target DNA (or both) may comprise a label (i.e., a detectable moiety); the invention 
is not limited by the nature of the label employed or the location of the label (i.e., 5' end, 
5 3' end, internal to the DNA sequence). A wide variety of suitable labels are known to the 

art and include fluorescein, tetrachlorofluorescein, hexachlorofluorescein, Cy3, Cy5, 
digoxigenin, and radioisotopes (e.g., 32 P, 35 S). In another preferred embodiment, the 
method further comprises quantitating the amount of probe/folded target complex 
formed. The method is not limited by the means used for quantitification; when a labeled 

10 folded target DNA is employed (e.g., fluorescein or 32 P), the art knows means for 

quantification (e.g., determination of the amount of fluorescence or radioactivity present 
in the probe/folded target complex). 

In a preferred embodiment, the probe in the probe/folded target complex is 
hybridized to a single stranded region of said folded target. In another preferred 

15 embodiment, the probe comprises an oligonucleotide having a moiety that permits its 

capture by a solid support. The invention is not limited by the nature of the moiety 
employed to permit capture. Numerous suitable moieties are known to the art, including 
but not limited to, biotin, avidin and streptavidin. Further, it is known in the art that 
many small compounds, such as fluorescein and digoxigenin may serve as haptens for 

20 specific capture by appropriate antibodies. Protein conjugates may also be used to allow 

specific capture by antibodies. 

In a preferred embodiment the detection of the presence of said probe/folded 
target complex comprises exposing said probe/folded target complex to a solid support 
under conditions such that said probe is captured by said solid support. As discussed in 

25 further detail below, numerous suitable solid supports are known to the art (e.g., beads, 

particles, dipsticks, wafers, chips, membranes or flat surfaces composed of agarose, 
nylon, plastics such as polystyrenes, glass or silicon) and may be employed in the present 
methods. 
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In a particularly preferred embodiment, the moiety comprises a biotin moiety and 
said solid support comprises a surface having a compound capable of binding to said 
biotin moiety, said compound selected from the group consisting of avidin and 
streptavidin. 

In another embodiment, the folded target comprises a deoxyribonucleic acid 
sequence having a moiety that permits its capture by a solid support; as discussed above a 
number of suitable moieties are known and may be employed in the present method. In 
yet another embodiment, the detection of the presence of said probe/folded target 
complex comprises exposing said probe/folded target complex to a solid support under 
conditions such that said folded target is captured by said solid support. In a preferred 
embodiment, the moiety comprises a biotin moiety and said solid support comprises a 
surface having a compound capable of binding to said biotin moiety, said compound 
selected from the group consisting of avidin and streptavidin. 

In a preferred embodiment, the probe is attached to a solid support; the probe is 
attached to the solid support in such a manner that the probe is available for hybridization 
with the folded target nucleic acid. The invention is not limited by the means employed 
to attach the probe to the solid support. The probe may be synthesized in situ on the solid 
support or the probe may be attached (post-synthesis) to the solid support via a moiety 
present on the probe {e.g., using a biotinylated probe and solid support comprising avidin 
or streptavidin). In another preferred embodiment, the folded target nucleic acid is 
attached to a solid support; this may be accomplished for example using a moiety present 
on the folded target (e.g., using a biotinylated target nucleic acid and solid support 
comprising avidin or streptavidin). 

The present invention also provides a method, comprising: a) providing: i) a first 
folded target having a nucleic acid sequence comprising first and second portions, said 
first and second portions each comprising one or more double stranded regions and one or 
more single stranded regions; ii) a second folded target having a nucleic acid sequence 
comprising a first portion that is identical to said first portion of said first folded target 
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and a second portion that differs from said second portion of said first folded target 
because of a variation in nucleic acid sequence relative to said first folded target, said first 
and second portions each comprising one or more double stranded regions and one or 
more single stranded regions; iii) first and second oligonucleotide probes, said first 
oligonucleotide probe complementary to said first portion of said first and second folded 
targets and said second oligonucleotide probe complementary to said second portion of 
said first and second folded targets; and iv) a solid support comprising first, second, third 
and fourth testing zones, each zone capable of capturing and immobilizing said first and 
second oligonucleotide probes; b) contacting said first folded target with said first 
oligonucleotide probe under conditions such that said first probe binds to said first folded 
target to form a probe/folded target complex in a first mixture; c) contacting said first 
folded target with said second oligonucleotide probes under conditions such that said 
second probe binds to said first folded target to form a probe/folded target complex in a 
second mixture; d) contacting said second folded target with said first oligonucleotide 
probe to form a third mixture; e) contacting said second folded target with said second 
oligonucleotide probe to form fourth mixture; and f) adding said first, second, third and 
fourth mixtures to said first, second, third and fourth testing zones of said solid support, 
respectively, under conditions such that said probes are captured and immobilized. The 
degree of complementarity between the probes and the target nucleic acids may be 
complete or partial (e.g., contain at least one mismatched base pair). 

In a preferred embodiment, the first probe in step d) does not substantially 
hybridize to said second folded target; that is while it is not required that absolutely no 
formation of a first probe/second folded target complex occurs, very little of this complex 
is formed. In another preferred embodiment, the hybridization of said first probe in step 
d) to said second folded target is reduced relative to the hybridization of said first probe 
in step c) to said first folded target. 
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The method is not limited by the nature of the first and second targets. The first 
and second targets may comprise double- or single-stranded DNA or RNA. The method 
is also not limited by the nature of the oligonucleotide probes; these probes may comprise 
DNA, RNA, PNA and combinations thereof as well as comprise modified nucleotides, 
5 universal bases, adducts, etc. In a preferred embodiment, the first and second 

oligonucleotide probes comprise DNA. The present invention further provides a 
method, comprising: a) providing: i) a first folded target having a nucleic acid sequence 
comprising first and second portions, said first and second portions each comprising one 
or more double stranded regions and one or more single stranded regions; ii) a second 

10 folded target having a nucleic acid sequence comprising a first portion that is identical to 

said first portion of said first folded target and a second portion that differs from said 
second portion of said first folded target because of a variation in nucleic acid sequence 
relative to said first folded target, said first and second portions each comprising one or 
more double stranded regions and one or more single stranded regions; iii) a solid support 

15 comprising first and second testing zones, each of said zones comprising immobilized 

first and second oligonucleotide probes, said first oligonucleotide probe complementary 
to said first portion of said first and second folded targets and second oligonucleotide 
probe complementary to said second portion of said first and second folded targets; and 
b) contacting said first and second folded targets with said solid support under conditions 

20 such that said first and second probes hybridize to said first folded target to form a 

probe/folded target complex. The invention is not limited by the nature of the first and 
second folded targets. The first and second targets may be derived from double- or 
single-stranded DNA or RNA. The probes may be completely or partially 
complementary to the target nucleic acids. The method is also not limited by the nature of 

25 the oligonucleotide probes; these probes may comprise DNA, RNA, PNA and 

combinations thereof as well as comprise modified nucleotides, universal bases, adducts, 
etc. In a preferred embodiment, the first and second oligonucleotide probes comprise 
DNA. The invention is not limited by the nature of the solid support employed as 
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discussed above. 

In a preferred embodiment, the contacting of step b) comprises adding said first 
folded target to said first testing zone and adding said second folded target to said second 
testing zone. In another preferred embodiment, the first and second probes are 
immobilized in separate portions of said testing zones. 

In a preferred embodiment, the first probe in said second testing zone does not 
substantially hybridize to said second folded target; that is while it is not required that 
absolutely no formation of a first probe/second folded target complex occurs, very little 
of this complex is formed. In another preferred embodiment, the first probe in said 
second testing zone hybridizes to said second folded target with a reduced efficiency 
compared to the hybridization of said first probe in first testing zone to said first folded 
target. 

In one embodiment, the first and second folded targets comprise DNA. In another 
embodiment, the first and second folded targets comprise RNA. 

The present invention also provides a method for treating nucleic acid, 
comprising: a) providing: i) a nucleic acid target and ii) one or more oligonucleotide 
probes; b) treating the nucleic acid target and the probes under conditions such that the 
target forms one or more folded structures and interacts with one or more probes; and c) 
analyzing the complexes formed between the probes and the target. In a preferred 
embodiment, the method further comprises providing a solid support for the capture of 
the target/probe complexes. Such capture may occur after the formation of the structures, 
or either the probe or the target may be bound to the support before complex formation. 

The method is not limited by the nature of the nucleic acid target employed. In 
one embodiment, the nucleic acid of step (a) is substantially single-stranded. In another 
embodiment, the nucleic acid is RNA or DNA. It is contemplated that the nucleic acid 
target comprise a nucleotide analog, including but not limited to the group comprising 
7-deaza-dATP, 7-deaza-dGTP and dUTP. The nucleic acid target may be double 
stranded. When double-stranded nucleic acid targets are employed, the treating of step 
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(b) comprises: i) rendering the double-stranded nucleic acid substantially 
single-stranded; and ii) exposing the single-stranded nucleic acid to conditions such that 
the single-stranded nucleic acid has secondary structure. The invention is not limited by 
the method employed to render the double-stranded nucleic acid substantially 
single-stranded; a variety of means known to the art may be employed. A preferred 
means for rendering double stranded nucleic acid substantially single-stranded is by the 
use of increased temperature. 

In a preferred embodiment, the method further comprises the step of detecting 
said one or more target/probe complexes. The invention is not limited by the methods 
used for the detection of the complex(es). 

In some embodiments of the present invention, the methods of the present 
invention are used for the detection and identification of microorganisms. It is 
contemplated that the microorganism(s) of the present invention be selected from a 
variety of microorganisms; it is not intended that the present invention be limited to any 
particular type of microorganism. Rather, it is intended that the present invention is used 
with organisms including, but not limited to, bacteria, fungi, protozoa, ciliates, and 
viruses. It is not intended that the microorganisms be limited to a particular genus, 
species, strain, or serotype. Indeed, it is contemplated that the bacteria be selected from 
the group comprising, but not limited to members of the genera Campylobacter, 
Escherichia, Mycobacterium, Salmonella, Shigella, and Staphylococcus, In one preferred 
embodiment, the microorganism(s) comprise strains of multi-drug resistant 
Mycobacterium tuberculosis. It is also contemplated that the present invention be used 
with viruses, including but not limited to hepatitis C virus, human immunodeficiency 
virus and simian immunodeficiency virus. 

Another embodiment of the present invention contemplates a method for 
detecting and identifying strains of microorganisms, comprising the steps of extracting 
nucleic acid from a sample suspected of containing one or more microorganisms; and 
contacting the extracted nucleic acid with one or more oligonucleotide probes under 
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conditions such that the extracted nucleic acid forms one or more secondary structures 
and interacts with one or more probes. In one embodiment, the method further comprises 
the step of capturing the complexes to a solid support. In yet another embodiment, the 
method further comprises the step of detecting the captured complexes. In one preferred 
5 embodiment, the present invention further comprises comparing the detected from the 

extracted nucleic acid isolated from the sample with separated complexes derived from 
one or more reference microorganisms. In such a case the sequence of the nucleic acids 
from one or more reference microorganisms may be related but different (e.g., a wild type 
control for a mutant sequence or a known or previously characterized mutant sequence). 

10 In an alternative preferred embodiment, the present invention further comprises 

the step of isolating a polymorphic locus from the extracted nucleic acid after the 
extraction step, so as to generate a nucleic acid target, wherein the target is contacted with 
one or more probe oligonucleotides. In one embodiment, the isolation of a polymorphic 
locus is accomplished by polymerase chain reaction amplification. In an alternate 

15 embodiment, the polymerase chain reaction is conducted in the presence of a nucleotide 

analog, including but not limited to the group comprising 7-deaza-dATP, 7-deaza-dGTP 
and dUTP. It is contemplated that the polymerase chain reaction amplification will 
employ oligonucleotide primers matching or complementary to consensus gene 
sequences derived from the polymorphic locus. In one embodiment, the polymorphic 

20 locus comprises a ribosomal RNA gene. In a particularly preferred embodiment, the 

ribosomal RNA gene is a 16S ribosomal RNA gene. 

The present invention also contemplates a process for creating a record reference 
library of genetic fingerprints characteristic (i.e., diagnostic) of one or more alleles of the 
various microorganisms, comprising the steps of providing a nucleic acid target derived 

25 from microbial gene sequences; comprising the steps of extracting nucleic acid from a 

sample suspected of containing one or more microorganisms; and contacting the 
extracted nucleic acid with one or more oligonucleotide probes under conditions such that 
the extracted nucleic acid forms one or more secondary structures and interacts with one 
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or more probes; detecting the captured complexes; and maintaining a testable record 
reference of the captured complexes. 

By the term "genetic fingerprint" it is meant that changes in the sequence of the 
nucleic acid (e.g., a deletion, insertion or a single point substitution) alter both the 
5 sequences detectable by standard base pairing, and alter the structures formed, thus 

changing the profile of interactions between the target and the probe oligonucleotides 
(e.g., altering the identity of the probes with which interaction occurs and/or altering the 
site/s or strength of the interaction). The measure of the identity of the probes bound and 
the strength of the interactions constitutes an informative profile that can serve as a 

10 "fingerprint" of the nucleic acid, reflecting the sequence and allowing rapid detection and 

identification of variants. 

The methods of the present invention allow for simultaneous analysis of both 
strands (e.g., the sense and antisense strands) and are ideal for high-level multiplexing. 
The products produced are amenable to qualitative, quantitative and positional analysis. 

1 5 The present methods may be automated and may be practiced in solution or in the solid 

phase (e.g., on a solid support). The present methods are powerful in that they allow for 
analysis of longer fragments of nucleic acid than currently available methodologies. 

The present invention also provides a method, comprising: a) providing: i) a 
folded target having a deoxyribonucleic acid (DNA) sequence comprising one or more 

20 double stranded regions and one or more single stranded regions; and ii) one or more 

oligonucleotide probes complementary to at least a portion of the folded target; and b) 
mixing the folded target and the one or more probes under conditions such that the probe 
hybridizes to the folded target to form a probe/folded target complex. The degree of 
complementarity between the probes and the target nucleic acids may be complete or' 

25 partial (e.g., contain at least one mismatched base pair). The method is not limited by the 

nature of the target DNA employed to provide the folded target DNA. In one 
embodiment, the target DNA comprises single-stranded DNA. In another embodiment, 
the target DNA comprises double-stranded DNA. Folded target DNAs may be produced 
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from either single-stranded or double-stranded target DNAs by denaturing (e.g., heating) 
the DNA and then permitting the DNA to form intra-strand secondary structures. The 
method is not limited by the manner in which the folded target DNA is generated. The 
target DNA may be denatured by a variety of methods known to the art including heating, 
exposure to alkali, etc. and then permitted to renature under conditions that favor the 
formation of intra-strand duplexes (e.g., cooling, diluting the DNA solution, neutralizing 
the pH, etc.). 

The present invention also provides a method, comprising: a) providing: i) a first 
folded target having a nucleic acid sequence comprising first and second portions, said 
first and second portions each comprising one or more double stranded regions, and one 
or more single stranded regions, and further comprising two or more non-contiguous 
portions, and one or more intervening regions; ii) a second folded target having a nucleic 
acid sequence comprising a first portion that is identical to said first portion of said first 
folded target and a second portion that differs from said second portion of said first 
folded target because of a variation in nucleic acid sequence relative to said first folded 
target, said first and second portions each comprising one or more double stranded 
regions, and one or more single stranded regions, and further comprising two or more 
non-contiguous portions, and one or more intervening regions; iii) first and second 
bridging oligonucleotides, said first bridging oligonucleotide complementary to said two 
or more non-contiguous portions of said first portion of said first and second folded 
targets and said second bridging oligonucleotide complementary to said two or more non- 
contiguous portions of said second portion of said first and second folded targets; and iv) 
a solid support comprising first, second, third and fourth testing zones, each zone capable 
of capturing and immobilizing said first and second bridging oligonucleotides; b) 
contacting the first folded target with the first oligonucleotide probe under conditions 
such that the first probe binds to the first folded target to form a probe/folded target 
complex in a first mixture; c) contacting the first folded target with the second 
oligonucleotide probes under conditions such that the second probe binds to the first 
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folded target to form a probe/folded target complex in a second mixture; d) contacting the 
second folded target with the first oligonucleotide probe to form a third mixture; e) 
contacting the second folded target with the second oligonucleotide probe to form a 
fourth mixture; and f) adding the first, second, third and fourth mixtures to the first, 
5 second, third and fourth testing zones of the solid support, respectively, under conditions 

such that the probes are captured and immobilized. The degree of complementarity 
between the probes and the target nucleic acids may be complete or partial (e.g., contain 
at least one mismatched base pair). 

In a preferred embodiment, the first probe in step d) does not substantially 

10 hybridize to the second folded target; that is while it is not required that absolutely no 

formation of a first probe/second folded target complex occurs, very little of this complex 
is formed. In another preferred embodiment, the hybridization of the first probe in step d) 
to the second folded target is reduced relative to the hybridization of the first probe in 
step c) to the first folded target. 

15 The method is not limited by the nature of the first and second targets. The first 

and second targets may comprise double- or single-stranded DNA or RNA. The method 
is also not limited by the nature of the oligonucleotide probes; these probes may comprise 
DNA, RNA, PNA and combinations thereof as well as comprise modified nucleotides, 
universal bases, adducts, etc. In a preferred embodiment, the first and second 

20 oligonucleotide probes comprise DNA. 

The present invention further provides a method, comprising: a) providing: i) a 
first folded target having a nucleic acid sequence comprising first and second portions, 
the first and second portions each comprising one or more double stranded regions and 
one or more single stranded regions; ii) a second folded target having a nucleic acid 

25 sequence comprising a first portion that is identical to the first portion of the first folded 

target and a second portion that differs from the second portion of the first folded target 
because of a variation in nucleic acid sequence relative to the first folded target, the first 
and second portions each comprising one or more double stranded regions and one or 
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more single stranded regions; iii) a solid support comprising first and second testing 
zones, each of the zones comprising immobilized first and second oligonucleotide probes, 
the first oligonucleotide probe complementary to the first portion of the first and second 
folded targets and second oligonucleotide probe complementary to the second portion of 
5 the first and second folded targets; and b) contacting the first and second folded targets 

with the solid support under conditions such that the first and second probes hybridize to 
the first folded target to form a probe/folded target complex. The invention is not limited 
by the nature of the first and second folded targets. The first and second targets may be 
derived from double- or single-stranded DNA or RNA. The probes may be completely or 

10 partially complementary to the target nucleic acids. The method is also not limited by the 

nature of the oligonucleotide probes; these probes may comprise DNA, RNA, PNA and 
combinations thereof as well as comprise modified nucleotides, universal bases, adducts, 
etc. In a preferred embodiment, the first and second oligonucleotide probes comprise 
DNA. The invention is not limited by the nature of the solid support employed as 

15 discussed above. 

In a preferred embodiment, the contacting of step b) comprises adding the first 
folded target to the first testing zone and adding the second folded target to the second 
testing zone. In another preferred embodiment, the first and second probes are 
immobilized in separate portions of the testing zones. 

20 In a preferred embodiment, the first probe in the second testing zone does not 

substantially hybridize to the second folded target; that is while it is not required that 
absolutely no formation of a first probe/second folded target complex occurs, very little 
of this complex is formed. In another preferred embodiment, the first probe in the second 
testing zone hybridizes to the second folded target with a reduced efficiency compared to 

25 the hybridization of the first probe in first testing zone to the first folded target. 

In one embodiment, the first and second folded targets comprise DNA. In another 
embodiment, the first and second folded targets comprise RNA. 

The present invention also provides a method for treating nucleic acid, 
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comprising: a) providing: i) a nucleic acid target and ii) one or more oligonucleotide 
probes; b) treating the nucleic acid target and the probes under conditions such that the 
target forms one or more folded structures and interacts with one or more probes; and c) 
analyzing the complexes formed between the probes and the target. In a preferred 
embodiment, the method further comprises providing a solid support for the capture of 
the target/probe complexes. Such capture may occur after the formation of the structures, 
or either the probe or the target may be bound to the support before complex formation. 

The present invention further provides methods for determination of structure 
formation in nucleic acid targets, comprising the steps of: a) providing: i) a folded target 
having a deoxyribonucleic acid sequence comprising one or more double stranded 
regions, and one or more single stranded regions, and further comprising two or more 
non-contiguous portions, and one or more intervening regions; and ii) one or more 
bridging oligonucleotide probes complementary to two or more non-contiguous portions 
of the folded target; and b) mixing the folded target and one or more bridging 
oligonucleotide probes under conditions such that the bridging oligonucleotide probes 
hybridize to the folded target to form a probe/folded target complex. 

In preferred embodiments, the one or more intervening regions of the folded 
targets comprise at least five nucleotides. In yet other embodiments, either of the targets 
and/or either of the bridging oligonucleotides contain intervening regions comprised of 
non-nucleotide spacers of any length. In a preferred embodiment, the first and second 
oligonucleotide probes comprise DNA. In alternative embodiments, the method further 
comprises detecting the presence of the probe/folded target complex. In yet other 
embodiments, the method further comprises quantitating the amount of probe/folded 
target complex formed. In yet other embodiments of the method, the bridging 
oligonucleotide probe in the probe/folded target complex is hybridized to at least one 
single stranded region of the folded target. 

The method is not limited by the nature of the target DNA employed to provide 
the folded target DNA, nor is the method limited by the manner in which the folded target 
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DNA is generated. The method is also not limited by the nature of the bridging 
oligonucleotide probes; these probes may comprise DNA, RNA, PNA and combinations 
thereof as well as comprise modified nucleotides, universal bases, adducts, etc. 

In a preferred embodiment, the method further comprises detecting the presence 
5 of the probe/folded target complex. When a detection step is employed either the 

bridging oligonucleotide probe or the target DNA (or both) may comprise a label (i.e., a 
detectable moiety); the invention is not limited by the nature of the label employed or the 
location of the label (i.e., 5' end, 3' end, internal to the DNA sequence). In another 
preferred embodiment, the bridging oligonucleotide probe comprises a bridging 

10 oligonucleotide having a moiety that permits its capture by a solid support. In a preferred 

embodiment the detection of the presence of the probe/folded target complex comprises 
exposing the probe/folded target complex to a solid support under conditions such that 
the bridging oligonucleotide probe is captured by the solid support. 

The present invention also provides methods for analyzing the structure of nucleic 

15 acid targets, comprising: a) providing: i) a first folded target having a nucleic acid 

sequence comprising first and second portions, the first and second portions each 
comprising one or more double stranded regions and one or more single stranded regions; 
ii) a second folded target having a nucleic acid sequence comprising a first portion that is 
identical to the first portion of the first folded target and a second portion that differs from 

20 the second portion of the first folded target because of a variation in nucleic acid 

sequence relative to the first folded target, the first and second portions each comprising 
one or more double stranded regions and one or more single stranded regions; iii) first 
and second bridging oligonucleotides, wherein the first bridging oligonucleotide is 
complementary to the first portion of the first and second folded targets and the second 

25 bridging oligonucleotide is complementary to the second portion of the first and second 

folded targets; and iv) a solid support comprising first, second, third and fourth testing 
zones, each zone capable of capturing and immobilizing the first and second bridging 
oligonucleotides; b) contacting the first folded target with the first bridging 
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oligonucleotide under conditions such that the first bridging oligonucleotide binds to the 
first folded target to form a probe/folded target complex in a first mixture; c) contacting 
the first folded target with the second bridging oligonucleotide under conditions such that 
the second bridging oligonucleotide binds to the first folded target to form a probe/folded 
5 target complex in a second mixture; d) contacting the second folded target with the first 

bridging oligonucleotide to form a third mixture; e) contacting the second folded target 
with the second bridging oligonucleotide to form fourth mixture; and f) adding the first, 
second, third and fourth mixtures to the first, second, third and fourth testing zones of the 
solid support, respectively, under conditions such that the first and second bridging 

10 oligonucleotides are captured and immobilized. 

The method is not limited by the nature of the first and second targets. The first 
and/or second target may comprise one or more non-contiguous regions, as well as one or 
more intervening regions. In preferred embodiments, the intervening regions comprise at 
least five nucleotides. The method is also not limited by the nature of the bridging 

15 oligonucleotide probes; these bridging oligonucleotide probes may comprise DNA, RNA, 

PNA and combinations thereof as well as comprise modified nucleotides, universal bases, 
adducts, etc. In some embodiments, the first and/or second bridging oligonucleotide 
probes comprise one or more intervening regions. In alternative embodiments, the 
intervening region of the bridging oligonucleotide probes comprises at least two 

20 nucleotides. In yet other embodiments, either of the targets and/or either of the bridging 

oligonucleotides contain intervening regions comprised of non-nucleotide spacers of any 
length. In a preferred embodiment, the first and second oligonucleotide probes comprise 
DNA. In a preferred embodiment, the first and second bridging oligonucleotide probes 
comprise DNA. 

25 In alternative embodiments, the first bridging oligonucleotide in step d) does not 

substantially hybridize to the second folded target. In yet another embodiment, the 
hybridization of the first bridging oligonucleotide in step d) to the second folded target is 
reduced relative to the hybridization of the first bridging oligonucleotide in step c) to the 
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first folded target. In further embodiments, the first and second targets comprise DNA, 
and/or the first and second bridging oligonucleotides comprise DNA. 

The present invention also provides methods for analyzing folded nucleic acid 
targets, comprising: a) providing: i) a first folded target having a nucleic acid sequence 
5 comprising first and second portions, wherein the first and second portions each comprise 

one or more double stranded regions and one or more single stranded regions; ii) a second 
folded target having a nucleic acid sequence comprising a first portion that is identical to 
the first portion of the first folded target, and a second portion that differs from the 
second portion of the first folded target because of a variation in nucleic acid sequence 

10 relative to the first folded target, the first and second portions each comprising one or 

more double stranded regions and one or more single stranded regions; iii) a solid support 
comprising first and second testing zones, each of the zones comprising immobilized first 
and second bridging oligonucleotides, the first bridging oligonucleotide being 
complementary to the first portion of the first and second folded targets and second 

15 bridging oligonucleotide being complementary to the second portion of the first and 

second folded targets; and b) contacting the first and second folded targets with the solid 
support under conditions such that the first and second bridging oligonucleotides 
hybridize to the first folded target to form a probe/folded target complex. 

In some embodiments, the contacting of step b) comprises adding the first folded 

20 target to the first testing zone and adding the second folded target to the second testing 

zone. In alternative embodiments, the first and second bridging oligonucleotides are 
immobilized in separate portions of the testing zones. In yet other embodiments, the first 
bridging oligonucleotide in the second testing zone does not substantially hybridize to the 
second folded target. In further embodiments, the first bridging oligonucleotide in the 

25 second testing zone hybridizes to the second folded target with a reduced efficiency 

compared to the hybridization of the first bridging oligonucleotide in first testing zone to 
the first folded target. 

The method is not limited by the nature of, nor the method of generating the first 
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and second folded targets. The method is also not limited by the nature of, or the method 
of generating the oligonucleotide probes; these probes may comprise DNA, RNA, PNA 
and combinations thereof as well as comprise modified nucleotides, universal bases, 
adducts, etc. In some embodiments, the first and/or second folded target comprises one 
5 or more intervening region comprised of at least five nucleotides. In yet other 

embodiments, the first and/or second bridging oligonucleotide probe comprises one or 
more intervening regions comprised of at least two nucleotides. In yet other 
embodiments, either of the targets and/or either of the bridging oligonucleotides contain 
intervening regions comprised of non-nucleotide spacers of any length. In a preferred 

10 embodiment, the first and second oligonucleotide probes comprise DNA. The invention 

is not limited by the nature of the solid support employed as discussed above. In some 
preferred embodiments of the method, the first and second folded targets comprise DNA. 
In alternative embodiments, the first and second folded targets comprise RNA. In yet 
other embodiments, the first and second bridging oligonucleotides comprise DNA. 

15 In one embodiment, the present invention provides a method, comprising: a) 

providing: i) a folded target having a deoxyribonucleic acid (DNA) sequence comprising 
one or more double stranded regions and one or more single stranded regions; and ii) one 
or more oligonucleotide probes complementary to at least a portion of the folded target; 
and b) mixing the folded target and the one or more probes under conditions such that the 

20 probe hybridizes to the folded target to form a probe/folded target complex. The degree 

of complementarity between the probes and the target nucleic acids may be complete or 
partial (e.g., contain at least one mismatched base pair). The method is not limited by the 
nature of the target DNA employed to provide the folded target DNA. In one 
embodiment, the target DNA comprises single-stranded DNA. In another embodiment, 

25 the target DNA comprises double-stranded DNA. Folded target DNAs may be produced 

from either single-stranded or double-stranded target DNAs by denaturing (e.g., heating) 
the DNA and then permitting the DNA to form intra-strand secondary structures. The 
method is not limited by the manner in which the folded target DNA is generated. The 
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target DNA may be denatured by a variety of methods known to the art including heating, 
exposure to alkali, etc. and then permitted to renature under conditions that favor the 
formation of intra-strand duplexes (e.g., cooling, diluting the DNA solution, neutralizing 
the pH, etc.). 

5 The present invention also provides a method, comprising: a) providing: i) a first 

folded target having a nucleic acid sequence comprising first and second portions, the 
first and second portions each comprising one or more double stranded regions and one or 
more single stranded regions; ii) a second folded target having a nucleic acid sequence 
comprising a first portion that is identical to the first portion of the first folded target and 

10 a second portion that differs from the second portion of the first folded target because of a 

variation in nucleic acid sequence relative to the first folded target, the first and second 
portions each comprising one or more double stranded regions and one or more single 
stranded regions; iii) first and second oligonucleotide probes, the first oligonucleotide 
probe complementary to the first portion of the first and second folded targets and the 

15 second oligonucleotide probe complementary to the second portion of the first and second 

folded targets; and iv) a solid support comprising first, second, third and fourth testing 
zones, each zone capable of capturing and immobilizing the first and second 
oligonucleotide probes; b) contacting the first folded target with the first oligonucleotide 
probe under conditions such that the first probe binds to the first folded target to form a 

20 probe/folded target complex in a first mixture; c) contacting the first folded target with 

the second oligonucleotide probes under conditions such that the second probe binds to 
the first folded target to form a probe/folded target complex in a second mixture; d) 
contacting the second folded target with the first oligonucleotide probe to form a third 
mixture; e) contacting the second folded target with the second oligonucleotide probe to 

25 form fourth mixture; and f) adding the first, second, third and fourth mixtures to the first, 

second, third and fourth testing zones of the solid support, respectively, under conditions 
such that the probes are captured and immobilized. The degree of complementarity 
between the probes and the target nucleic acids may be complete or partial {e.g., contain 
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at least one mismatched base pair). 

In a preferred embodiment, the first probe in step d) does not substantially 
hybridize to the second folded target; that is while it is not required that absolutely no 
formation of a first probe/second folded target complex occurs, very little of this complex 
5 is formed. In another preferred embodiment, the hybridization of the first probe in step d) 

to the second folded target is reduced relative to the hybridization of the first probe in 
step c) to the first folded target. 

The present invention further provides a method, comprising: a) providing: i) a 
first folded target having a nucleic acid sequence comprising first and second portions, 

10 the first and second portions each comprising one or more double stranded regions arid 

one or more single stranded regions; ii) a second folded target having a nucleic acid 
sequence comprising a first portion that is identical to the first portion of the first folded 
target and a second portion that differs from the second portion of the first folded target 
because of a variation in nucleic acid sequence relative to the first folded target, the first 

15 and second portions each comprising one or more double stranded regions and one or 

more single stranded regions; iii) a solid support comprising first and second testing 
zones, each of the zones comprising immobilized first and second oligonucleotide probes, 
the first oligonucleotide probe complementary to the first portion of the first and second 
folded targets and second oligonucleotide probe complementary to the second portion of 

20 the first and second folded targets; and b) contacting the first and second folded targets 

with the solid support under conditions such that the first and second probes hybridize to 
the first folded target to form a probe/folded target complex. The invention is not limited 
by the nature of the first and second folded targets. The first and second targets may be 
derived from double- or single-stranded DNA or RNA. The probes may be completely or 

25 partially complementary to the target nucleic acids. The method is also not limited by the 

nature of the oligonucleotide probes; these probes may comprise DNA, RNA, PNA and 
combinations thereof as well as comprise modified nucleotides, universal bases, adducts, 
etc. In a preferred embodiment, the first and second oligonucleotide probes comprise 
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DNA. The invention is not limited by the nature of the solid support employed as 
discussed above. 

In a preferred embodiment, the contacting of step b) comprises adding the first 
folded target to the first testing zone and adding the second folded target to the second 
5 testing zone. In another preferred embodiment, the first and second probes are 

immobilized in separate portions of the testing zones. 

In a preferred embodiment, the first probe in the second testing zone does not 
substantially hybridize to the second folded target; that is while it is not required that 
absolutely no formation of a first probe/second folded target complex occurs, very little 

10 of this complex is formed. In another preferred embodiment, the first probe in the second 

testing zone hybridizes to the second folded target with a reduced efficiency compared to 
the hybridization of the first probe in first testing zone to the first folded target. 

In one embodiment, the first and second folded targets comprise DNA. In another 
embodiment, the first and second folded targets comprise RNA. 

1 5 The present invention also provides a method for treating nucleic acid, 

comprising: a) providing: i) a nucleic acid target and ii) one or more oligonucleotide 
probes; b) treating the nucleic acid target and the probes under conditions such that the 
target forms one or more folded structures and interacts with one or more probes; and c) 
analyzing the complexes formed between the probes and the target. In a preferred 

20 embodiment, the method further comprises providing a solid support for the capture of 

the target/probe complexes. Such capture may occur after the formation of the structures, 
or either the probe or the target may be bound to the support before complex formation. 

The method is not limited by the nature of the nucleic acid target employed. In 
one embodiment, the nucleic acid of step (a) is substantially single-stranded. In another 

25 embodiment, the nucleic acid is RNA or DNA. It is contemplated that the nucleic acid 

target comprise a nucleotide analog, including but not limited to the group comprising 
7-deaza-dATP, 7-deaza-dGTP and dUTP. The nucleic acid target may be double 
stranded. When double-stranded nucleic acid targets are employed, the treating of step 
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(b) comprises: i) rendering the double-stranded nucleic acid substantially 
single-stranded; and ii) exposing the single-stranded nucleic acid to conditions such that 
the single-stranded nucleic acid has secondary structure. The invention is not limited by 
the method employed to render the double-stranded nucleic acid substantially 
5 single-stranded; a variety of means known to the art may be employed. A preferred 

means for rendering double stranded nucleic acid substantially single-stranded is by the 
use of increased temperature. 

In a preferred embodiment, the method further comprises the step of detecting the 
one or more target/probe complexes. The invention is not limited by the methods used 

1 0 for the detection of the complex(es). 

The present invention further provides methods for determination of structure 
formation in nucleic acid targets, comprising the steps of: a) providing: i) a folded target 
having a deoxyribonucleic acid sequence comprising one or more double stranded 
regions, and one or more single stranded regions, and further comprising two or more 

1 5 non-contiguous portions, and one or more intervening regions; and ii) one or more 

bridging oligonucleotide probes complementary to two or more non-contiguous portions 
of the folded target; and b) mixing the folded target and one or more bridging 
oligonucleotide probes under conditions such that the bridging oligonucleotide probes 
hybridize to the folded target to form a probe/folded target complex. 

20 In preferred embodiments, the one or more intervening regions of the folded 

targets comprise at least five nucleotides. In yet other embodiments, either of the targets 
and/or either of the bridging oligonucleotides contain intervening regions comprised of 
non-nucleotide spacers of any length. In a preferred embodiment, the first and second 
oligonucleotide probes comprise DNA. In alternative embodiments, the method further 

25 comprises detecting the presence of the probe/folded target complex. In yet other 

embodiments, the method further comprises quantitating the amount of probe/folded 
target complex formed. In yet other embodiments of the method, the bridging 
oligonucleotide probe in the probe/folded target complex is hybridized to at least one 
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single stranded region of the folded target. In a preferred embodiment, the method 
further comprises detecting the presence of the probe/folded target complex. 

Detection of the probe/folded target complex may also involve a catalyzed 
reaction on the probe that can only occur upon binding. It is contemplated that such 
catalyzed reaction may be mediated by an enzyme. By way of example, but not by way 
of limitation, the bound bridging oligonucleotide probe may be extended by a DNA 
polymerase, joined to another nucleic acid by the action of a ligase, or cleaved by a 
structure-specific nuclease. It is further contemplated that the catalytic action may be 
chemical, rather then enzymatic. For example, the cleavage of nucleic acid by 
compounds such as phenanthroline-Cu is specific for duplexed structures. It is 
contemplated that any chemical that can act upon nucleic acid in a manner that is 
responsive to the strandedness or other structural feature of the complex of the target may 
be used in the detection of the probe/folded target complex. 

It is contemplated that any catalyzed reaction that is specifically operative on a 
duplex formed between a target nucleic acid and a substantially complementary probe 
may be configured to perform on the bridging probe/folded target complex. 

In another embodiment the bound probe may participate in a reaction requiring a 
one or more additional nucleic acids, such as ligation reaction a polymerase chain 
reaction, a 5' nuclease reaction, (Lyamichev et aL 9 Science 260: 778 [1993]; U.S. Patent 
No. 5,422,253, herein incorporated by reference), or an INVADER invasive cleavage 
reaction (PCT Publications WO 97/27214 and 98/42873; and U.S. Patent Nos. 5,846,717, 
6,001,567, 5,985,557, 6,090,543, and 5,994,069, all of which are herein incorporated by 
reference in their entireties). In one embodiment, the additional nucleic acid includes 
another hybridized probe. In another embodiment, the additional nucleic acid includes 
the target. In a preferred embodiment, the additional nucleic acid includes a bridging 
oligonucleotide probe complementary to two or more non-contiguous portions of the 
folded target. 

It is contemplated that a nucleic acid on which the catalyzed reaction acts may be 
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labeled. Thus detection of the complex on which the catalyzed reaction has acted may 
comprise detection of a labeled product or products of that reaction. The invention is not 
limited by the nature of the label used, including, but not limited to, labels that comprise 
a dye or a radionuclide (e.g., 32 P), fluorescein moiety, a biotin moiety, luminogenic, 
5 fluorogenic, phosphorescent, or fluorophores in combination with moieties that can 

suppress emission by fluorescence resonance energy transfer (FRET). Numerous 
methods are available for the detection of nucleic acids containing any of the above-listed 
labels. For example, biotin-labeled oligonucleotide(s) may be detected using non- 
isotopic detection methods that employ streptavidin-alkaline phosphatase conjugates. 

10 Fluorescein-labeled oligonucleotide(s) may be detected using a fluorescein- imager. The 

oligonucleotides may be labeled with different labels. The different labels may be 
present on the probe before the catalytic reaction. In this embodiment the release of the 
labels from attachment to the same complex (e.g., by FRET analysis), may be used to 
detect formation of the probe/folded target complex. Alternatively, one or more of the 

15 labels may be added to the complex as a result of the catalytic reaction (e.g., by ligation 

to a labeled nucleic acid or by polymerization using labeled nucleoside triphosphates). 

It is also contemplated that labeled oligonucleotides (reacted or unreacted) may be 
separated by means other than electrophoresis. For example, biotin-labeled 
oligonucleotides may be separated from nucleic acid present in the reaction mixture using 

20 para-magnetic or magnetic beads, or particles that are coated with avidin (or strep tavidin). 

In this manner, the biotinylated oligonucleotide/avidin-magnetic bead complex can be 
physically separated from the other components in the mixture by exposing the 
complexes to a magnetic field. Additionally, the signal from the reacted oligonucleotides 
may be resolved from that of the unreacted oligonucleotides without physical separation. 

25 For example, a change in size as may be caused by binding to another oligonucleotide, or 

by cleavage, ligation or polymerase extension of at least one nucleic acid in the complex, 
will change the rate of rotation in solution, allowing of fluorescently labeled complexes 
or product molecules to be detected by fluorescence polarization analysis. However, it is 
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not intended that the means of analysis be limited to those methods of cited above. Those 
skilled in the art of nucleic acid analysis will appreciate that there are numerous 
additional methods for the analysis of both of labeled and unlabeled nucleic acids that are 
readily adaptable for the detection of the probe/folded target complexes of the present 
5 invention. In another preferred embodiment, the bridging oligonucleotide probe 

comprises a bridging oligonucleotide having a moiety that permits its capture by a solid 
support. 

The present invention also provides methods for analyzing the structure of nucleic 
acid targets, comprising: a) providing: i) a first folded target having a nucleic acid 

10 sequence comprising first and second portions, the first and second portions each 

comprising one or more double stranded regions and one or more single stranded regions; 
ii) a second folded target having a nucleic acid sequence comprising a first portion that is 
identical to the first portion of the first folded target and a second portion that differs from 
the second portion of the first folded target because of a variation in nucleic acid 

15 sequence relative to the first folded target, the first and second portions each comprising 

one or more double stranded regions and one or more single stranded regions; iii) first 
and second bridging oligonucleotides, wherein the first bridging oligonucleotide is 
complementary to the first portion of the first and second folded targets and the second 
bridging oligonucleotide is complementary to the second portion of the first and second 

20 folded targets; and iv) a solid support comprising first, second, third and fourth testing 

zones, each zone capable of capturing and immobilizing the first and second bridging 
oligonucleotides; b) contacting the first folded target with the first bridging 
oligonucleotide under conditions such that the first bridging oligonucleotide binds to the 
first folded target to form a probe/folded target complex in a first mixture; c) contacting 

25 the first folded target with the second bridging oligonucleotide under conditions such that 

the second bridging oligonucleotide binds to the first folded target to form a probe/folded 
target complex in a second mixture; d) contacting the second folded target with the first 
bridging oligonucleotide to form a third mixture; e) contacting the second folded target 
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with the second bridging oligonucleotide to form fourth mixture; and f) adding the first, 
second, third and fourth mixtures to the first, second, third and fourth testing zones of the 
solid support, respectively, under conditions such that the first and second bridging 
oligonucleotides are captured and immobilized. 

The method is not limited by the nature of the first and second targets. The first 
and/or second target may comprise one or more non-contiguous regions, as well as one or 
more intervening regions. In preferred embodiments, the intervening regions comprise at 
least five nucleotides. The method is also not limited by the nature of the bridging 
oligonucleotide probes; these bridging oligonucleotide probes may comprise DNA, RNA, 
PNA and combinations thereof as well as comprise modified nucleotides, universal bases, 
adducts, etc. In some embodiments, the first and/or second bridging oligonucleotide 
probes comprise one or more intervening regions. In alternative embodiments, the 
intervening region of the bridging oligonucleotide probes comprises at least two 
nucleotides. In yet other embodiments, either of the targets and/or either of the bridging 
oligonucleotides contain intervening regions comprised of non-nucleotide spacers of any 
length. In a preferred embodiment, the first and second oligonucleotide probes comprise 
DNA. In a preferred embodiment, the first and second bridging oligonucleotide probes 
comprise DNA. 

In alternative embodiments, the first bridging oligonucleotide in step d) does not 
substantially hybridize to the second folded target. In yet another embodiment, the 
hybridization of the first bridging oligonucleotide in step d) to the second folded target is 
reduced relative to the hybridization of the first bridging oligonucleotide in step c) to the 
first folded target. In further embodiments, the first and second targets comprise DNA, 
and/or the first and second bridging oligonucleotides comprise DNA. 

The present invention also provides methods for analyzing folded nucleic acid 
targets, comprising: a) providing: i) a first folded target having a nucleic acid sequence 
comprising first and second portions, wherein the first and second portions each comprise 
one or more double stranded regions and one or more single stranded regions; ii) a second 
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folded target having a nucleic acid sequence comprising a first portion that is identical to 
the first portion of the first folded target, and a second portion that differs from the 
second portion of the first folded target because of a variation in nucleic acid sequence 
relative to the first folded target, the first and second portions each comprising one or 
5 more double stranded regions and one or more single stranded regions; iii) a solid support 

comprising first and second testing zones, each of the zones comprising immobilized first 
and second bridging oligonucleotides, the first bridging oligonucleotide being 
complementary to the first portion of the first and second folded targets and second 
bridging oligonucleotide being complementary to the second portion of the first and 

10 second folded targets; and b) contacting the first and second folded targets with the solid 

support under conditions such that the first and second bridging oligonucleotides 
hybridize to the first folded target to form a probe/folded target complex. 

In some embodiments, the contacting of step b) comprises adding the first folded 
target to the first testing zone and adding the second folded target to the second testing 

15 zone. In alternative embodiments, the first and second bridging oligonucleotides are 

immobilized in separate portions of the testing zones. In yet other embodiments, the first 
bridging oligonucleotide in the second testing zone does not substantially hybridize to the 
second folded target. In further embodiments, the first bridging oligonucleotide in the 
second testing zone hybridizes to the second folded target with a reduced efficiency 

20 compared to the hybridization of the first bridging oligonucleotide in first testing zone to 

the first folded target. The method is not limited by the nature of, nor the method of 
generating the first and second folded targets. The method is also not limited by the 
nature of, or the method of generating the oligonucleotide probes; these probes may 
comprise DNA, RNA, PNA and combinations thereof as well as comprise modified 

25 nucleotides, universal bases, adducts, etc. In some embodiments, the first and/or second 

folded target comprises one or more intervening region comprised of at least five 
nucleotides. In yet other embodiments, the first and/or second bridging oligonucleotide 
probe comprises one or more intervening regions comprised of at least two nucleotides. 
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In yet other embodiments, either of the targets and/or either of the bridging 
oligonucleotides contain intervening regions comprised of non-nucleotide spacers of any 
length. In a preferred embodiment, the first and second oligonucleotide probes comprise 
DNA. The invention is not limited by the nature of the solid support employed as 
5 discussed above. In some preferred embodiments of the method, the first and second 

folded targets comprise DNA. In alternative embodiments, the first and second folded 
targets comprise RNA. In yet other embodiments, the first and second bridging 
oligonucleotides comprise DNA. 

The present invention provides methods for detection of structured nucleic acid 

10 targets, comprising the steps of: a) providing: i) a folded target having a nucleic acid 

sequence comprising one or more double stranded regions, and one or more single 
stranded regions, and further comprising two or more non-contiguous portions, and one 
or more intervening regions; ii) at least one bridging oligonucleotide probe capable of 
binding to two or more non-contiguous portions of said folded target; and iii) a reactant; 

15 b) mixing said folded target and said probe under conditions such that said probe 

hybridizes to said folded target to form a probe/folded target complex; and c) treating said 
probe/folded target complex with said reactant to produce at least one modified probe. In 
one embodiment the method further provides for the detection of said modified probe. 

The present invention further provides a method, comprising: a) providing target 

20 nucleic acid comprising first and second non-contiguous single-stranded regions 

separated by an intervening region comprising a double-stranded portion; a bridging 
oligonucleotide capable of binding to said first and second non-contiguous single- 
stranded regions; and a reactant selected from the group consisting of polymerases and 
ligases; and mixing said target nucleic acid, said bridging oligonucleotide and said 

25 reactant under conditions such that said bridging oligonucleotide is modified to produce a 

modified oligonucleotide. 

In some embodiments of the methods, the reactant is a polymerase, while in yet 
other embodiments, the modified oligonucleotide comprises an extended oligonucleotide. 
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In still other embodiments, the reactant is a polymerase and the modified oligonucleotide 
comprises extended oligonucleotide. In yet other embodiments, the reactant is a ligase, 
while in yet other embodiments, the modified oligonucleotide comprises a ligated 
oligonucleotide. In still other embodiments, the reactant is a ligase and the modified 
oligonucleotide comprises a ligated oligonucleotide. 

In yet other embodiments of the method, the bridging oligonucleotide is capable 
of binding to fewer than ten nucleotides of each of said first and second non-contiguous 
single-stranded regions. In still other embodiments, the bridging oligonucleotide is 
capable of binding to eight or fewer nucleotides of each of said first and second non- 
contiguous single-stranded regions. 

In further embodiments of the method the target nucleic acid is DNA, while in 
some preferred embodiments, the DNA is viral DNA. In yet other preferred 
embodiments, the virus is selected from the group consisting of Parvoviridae, 
Papovaviridae, Adenoviridae, Hepadnaviridae, Herpesviridae, Iridoviridae, and 
Poxviridae. For example, it is intended that the present invention encompass methods for 
the detection of any DNA-containing virus, including, but not limited to parvoviruses, 
dependoviruses, papillomaviruses, polyomaviruses, mastadenoviruses, aviadenoviruses, 
hepadnaviruses, simplexviruses [such as herpes simplex virus 1 and 2], varicelloviruses, 
cytomegaloviruses, muromegaloviruses, lymphocryptoviruses, thetalymphocryptoviruses, 
rhadinoviruses, iridoviruses, ranaviruses, pisciniviruses, orthopoxviruses, parapoxviruses, 
avipoxviruses, capripoxviruses, leporipoxviruses, suipoxviruses, yatapoxviruses, and 
mulluscipoxvirus). Thus, it is not intended that the present invention be limited to any 
DNA virus family. 

In further embodiments of the method the target nucleic acid is RNA, while in 
some preferred embodiments, the RNA is viral RNA. In yet other preferred 
embodiments, the virus is selected from the group consisting of Picornaviridae, 
Caliciviridae, Reoviridae, Togaviridae, Flaviviridae, Orthomyxoviridae, 
Paramyxoviridae, Arenaviridae, Rhabdoviridae, Coronaviridae, Bunyaviridae, and 
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Retroviridae. For example, it is intended that the present invention encompass methods 
for the detection of RNA-containing virus, including, but not limited to enteroviruses 
(e.g., polioviruses, Coxsackieviruses, echo viruses, enteroviruses, hepatitis A virus, 
encephalomyocarditis virus, mengovirus, rhinoviruses, and aphtho viruses), caliciviruses, 
reoviruses, orbiviruses, rotaviruses, birnaviruses, alphaviruses, rubiviruses, pestiviruses, 
flaviviruses (e.g., hepatitis C virus, yellow fever viruses, dengue, Japanese, Murray 
Valley, and St. Louis encephalitis viruses, West Nile fever virus, Kyanasur Forest disease 
virus, Omsk hemorrhagic fever virus, European and Far Eastern tick-borne encephalitis 
viruses, and louping ill virus), influenzaviruses (e.g, types A, B, and C), 
paramyxoviruses, morbilliviruses, pneumoviruses, veisculoviruses, lyssaviruses, 
filoviruses, coronaviruses, bunyaviruses, phleboviruses, nairoviruses, uukuviruses, 
hantaviruses, sarcoma and leukemia viruses, oncoviruses, HTLV, spumaviruses, 
lenti viruses, and arenaviruses). 

The present invention also provides a method, comprising: a) providing target 
nucleic acid comprising first and second non-contiguous single-stranded regions 
separated by an intervening region comprising a double-stranded region; a bridging 
oligonucleotide capable of binding to said first and second non-contiguous single- 
stranded regions; a second oligonucleotide capable of binding to a portion of said first 
non-contiguous single-stranded region; and a cleavage means; b) mixing said target 
nucleic acid, said bridging oligonucleotide, said second oligonucleotide, and said 
cleavage means under conditions such that either said second oligonucleotide or said 
bridging oligonucleotide is cleaved. 

In some preferred embodiments, the cleavage means comprises a nuclease. In 
other preferred embodiments, the cleavage means comprises a thermostable 5' nuclease. 
In still other preferred embodiments, the thermostable 5' nuclease comprises an altered 
polymerase derived from a native polymerases of Thermus species. 

In other embodiments of the method, the conditions of mixing allow for 
hybridization of said bridging oligonucleotide and said second oligonucleotide to said 
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target nucleic acid so as to define a region of overlap of said oligonucleotides. In some 
embodiments, the region of overlap comprises one base, while in other embodiments, the 
region of overlap comprises more than one base. 

The present invention also provides a method, comprising: a) providing target 
5 nucleic acid comprising first and second non-contiguous single-stranded regions 

separated by an intervening region, said intervening region comprising a first double- 
stranded portion and a second double-stranded portion separated by a connecting single- 
stranded portion; and a bridging oligonucleotide capable of binding to said first and 
second non-contiguous single-stranded regions; and b) mixing said target nucleic acid 

10 and said bridging oligonucleotide under conditions such that said bridging 

oligonucleotide hybridizes to said target to form an oligonucleotide/target complex. 

The present invention further provides a method for the analysis of nucleic acid 
structures comprising; providing a sequence data input means (defined as any means 
[e.g., a computer input device and software for receiving and storing the sequence 

15 information] for entering nucleic acid sequence information into a device capable of 

storing and/or processing the data), a cleavage data input means (defined as any means 
[e.g., a computer input device and software for receiving and storing the sequence 
information] for entering information regarding the location of a cleavage site in a nucleic 
acid into a device capable of storing and/or processing the data), and a nucleic acid 

20 structure prediction means (defined as any means [e.g., software designed to predict the 

structure of nucleic acids or proteins based on sequence data and other data inputs] 
capable of predicting nucleic acid sequence based on input data); providing nucleic acid 
sequence data (defined as any data relating to the sequence of one or more nucleic acid 
compositions) to said sequence data input means to produce sequence data results; 

25 providing structure-specific cleavage data (defined as any data relating to the cleavage 

status of one or more nucleic acid compositions) to said cleavage data input means to 
produce cleavage data results; and providing said sequence data results and said cleavage 
data results to said nucleic acid structure prediction means to produce a predicted nucleic 
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acid structure (defined as any structure capable of interpretation by users [e.g., a 
pictographic display] or by a device capable of relaying the structural information to a 
user in any interpretable form). 

In some embodiments, the present invention further provides methods for the 
analysis of nucleic acid structures comprising the steps of e) providing a basepair data 
input means and a second nucleic acid structure prediction means; f) providing basepair 
data to said basepair data input means to produce basepair data results; and g) providing 
said sequence data results, said cleavage data results, and said basepair data results to said 
second nucleic acid structure prediction means to produce a second predicted nucleic acid 
structure. 

The present invention also provides novel methods for the determination of 
regions of a nucleic acid of interest that are sequestered (i.e., unavailable for 
hybridization to other nucleic acid molecules [e.g., oligonucleotide probes and antisense 
oligonucleotides]) by folding and which are not. This can be referred to as the 
identification and mapping of accessible sites of folded nucleic acid targets. In the 
methods of the present invention, accessible sites are quickly mapped (e.g., in a few hours 
or less) resulting in an accurate map of the accessible sites of the folded target (e.g., a one 
to two nucleotide precision map). In some embodiments of the present invention, the 
information derived from such methods is used to select and design antisense 
oligonucleotides and oligonucleotide probes for any number of uses (e.g., for use in the 
structure probing methods described above). 

In some embodiments, the present invention provides a method for selecting a 
primer (e.g., a primer capable of binding to an accessible region of a nucleic acid and 
being extended), comprising providing: 1) a target nucleic acid having at least one 
accessible site and at least one inaccessible site; a plurality of extension primers (e.g., 
degenerate primers), each of said primers comprising a first region, wherein the first 
regions of the plurality of primers differ in sequence from each other, and wherein the 
plurality of primers comprise first regions that are complementary to different portions of 
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the target nucleic acid; and 3) an extension agent (e.g., a template-dependent nucleic acid 
extension agent); exposing the plurality of extension primers and the extension agent to 
the target nucleic acid under conditions wherein primers comprising first regions that are 
complementary only to an inaccessible site in the target nucleic acid are not extended by 
said extension agent (e.g., are not detectably extended), and wherein primers comprising 
first regions that are complementary to at least one accessible site of the target nucleic 
acid form an extension product; and selecting a primer complementary to at least one 
accessible site by identifying a member of the plurality of primers that forms an extension 
product. 

The present invention is not limited by the nature of the target nucleic acid. For 
example, the target nucleic acid may comprise DNA (e.g., folded DNA) or RNA. The 
target nucleic acid may be from a natural source or may be synthetic. In some 
embodiments, a DNA may be converted to RNA and the RNA processed in the above 
steps. In some embodiments of the present invention, the sequence of the target nucleic 
acid or a portion of the sequence of the target nucleic acid is unknown. 

In some preferred embodiments of the present invention, the plurality of primers 
further comprise a second region located 5' of the first region. In particularly preferred 
embodiments, the second regions of the plurality of primers are identical in sequence to 
one another. Such primers find use in methods where the extension products are 
amplified prior to selection of primers. For example, in some embodiments, the method 
further comprises providing: 1) first and second amplification primers, said first 
amplification primer complementary to at least a portion of the second regions of the 
plurality of extension primers and said second amplification primer capable of 
hybridizing to a sequence complementary to a first domain of the target nucleic acid, and 
2) an amplification agent; and further comprising the step of treating the extension 
products with the first and second amplification primers and the amplification agents to 
produce amplification products prior to the selecting step. 

Although the present invention is not limited by the number of different primers 
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in the plurality of primers, in certain embodiments of the present invention the plurality 
of primers comprises at least 10 different primers, at least 100 different primers, at least 
1000 different primers, or a sufficient number of primers to encompass every sequence 
variation within the first region. Although the present invention is not limited by the size 
of the first region of the extension primers, in preferred embodiments, the first region is 
six or more nucleotides in length. 

The present invention is not limited by the nature of the extension agent. 
"Extension agents' 1 include any agent capable of adding nucleotides to an oligonucleotide 
primer. In preferred embodiments, the extension agent is a template-dependent nucleic 
acid extension agent. In particularly preferred embodiments, the extension agent 
comprises a polymerase or a reverse transcriptase. The present invention is also not 
limited by the nature of the amplification agent. In preferred embodiments, the 
amplification agent is a polymerase {e.g., a thermostable polymerase) and amplification is 
conducted using the polymerase chain reaction. 

The present invention also provides a method for identifying accessible sites on a 
target nucleic acid comprising providing: 1) a target nucleic acid having at least one 
accessible site and at least one inaccessible site; 2) a plurality of extension primers, each 
of the primers comprising a first region, wherein the first regions of the plurality of 
primers differ in sequence from each other, and wherein the plurality of primers comprise 
first regions that are complementary to different portions of the target nucleic acid; and 3) 
a template-dependent nucleic acid extension agent; exposing the plurality of extension 
primers and the extension agent to the target nucleic acid under conditions wherein 
primers comprising first regions that are complementary only to an inaccessible site in 
said target nucleic acid are not extended by the extension agent, and wherein primers 
comprising first regions that are complementary to at least one accessible site of the target 
nucleic acid form an extension product that is complementary to the target nucleic acid 
adjacent to the accessible site; determining at least a portion of the sequence of an 
extension product; and identifying the accessible site by locating a region of the target 
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nucleic acid adjacent to sequence that is complementary to the extension product. 

The present invention further provides a method of locating accessible sites on a 
target nucleic acid comprising providing: 1) a target nucleic acid having at least one 
accessible site and at least one inaccessible site, 2) a plurality of extension primers, each 
5 of said primers comprising first region and second regions, wherein the first regions of 

the plurality of primers differ in sequence from each other, wherein the plurality of 
primers comprise first regions that are complementary to different portions of the target 
nucleic acid, and wherein the second region is located 5 ! of the first region; 3) an 
extension agent; 4) an amplification agent; and 5) first and second amplification primers, 

10 said first amplification primer complementary to at least a portion of the second regions 

of the plurality of extension primers and said second amplification primer capable of 
hybridizing to a sequence complementary to a first domain of the target nucleic acid; 
exposing the plurality of extension primers and the extension agent to the target nucleic 
acid under conditions wherein primers comprising first regions that are complementary 

15 only to an inaccessible site in the target nucleic acid are not extended by said extension 

agent, and wherein primers comprising first regions that are complementary to at least 
one accessible site of the target nucleic acid form an extension product; treating the 
extension products with the amplification agent and the first and second amplification 
primers to generate one or more amplification products, the amplification products having 

20 a length, wherein the length of the amplification products provides a distance of an 

accessible site on the target nucleic acid from the first domain of the target nucleic acid; 
and determining a location of one or more accessible sites on the target nucleic acid using 
the distance (e.g., determining the size of one or more of said amplification products). 

The above methods may also be used to identify inaccessible regions of the target 

25 nucleic acids. For example, extension product may be displayed on an agarose gel. 

Regions of the gel having no extension products (e.g., regions devoid of extension 
products comprising a particular length) may be used to determine the location of the 
inaccessible sites. Any suitable method may also be used to identify these sites. 
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The present invention also provides oligonucleotides capable of binding to 
accessible sites of the target nucleic acids using (e.g., determined by) any of the above 
methods. For example, oligonucleotides are provided that contain a sequence comprising 
a sequence of a first region of a primer selected by the above methods. The present 
5 invention also provides a variety of methods for using oligonucleotides capable of 

binding to accessible sites as described in detail below. For example, the present 
invention provides a method comprising, providing any of the oligonucleotides identified 
by the above methods and a target nucleic acid and exposing the target nucleic acid to the 
oligonucleotide (e.g., wherein the oligonucleotide is used as a probe or an therapeutic 

10 antisense oligonucleotide). In some embodiments, the target nucleic acid is present in a 

cell (in vitro or in vivo), including plant and animal (e.g., human) cells. 

The present invention also provides systems, compositions, and kits containing 
one or more oligonucleotide selected from SEQ ID NOs:164-231, 236-239, 241, 242, 
244, 246-258, 260-269, 271-284, 286-302, 304-314, and 316-330. Such oligonucleotide 

15 find use in detection methods for detecting the presence of a target nucleic acid (e.g., an 

HIV target nucleic acid) in a sample, wherein the oligonucleotide, alone or combined 
with other detection assay components (e.g., invasive cleavage assay components) are 
exposed to the sample and the presence or absence of the target nucleic acid is detected. 

20 DESCRIPTION OF THE DRAWINGS 

Figure 1 provides a schematic of one embodiment of the detection methods of the 
present invention. 

Figures 2A-2D provide a schematic of representation of a segment of the katG 
gene from M. tuberculosis. Depending on the sequence, the segment of the DNA can 
25 form the stem-loop structures depicted in 2C and 2D. The arrows in 2C and 2D show the 

sites that are cleaved when these structures are treated by the structure specific 
CLEAVASE I nuclease. The black bar to the left of each structure indicates the region to 
which the katG probe would bind, with the pointed kink in the bar indicating a site of 
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mismatch between the probe and the katG target. Figures 2A-2D show portions of SEQ 
ID NOS : 1 -4 (structures 2 A-2D, respectively). 

Figure 3 shows at left a fluorescence imager scan of the cleavage patterns 
generated using the CFLP® method on the katG substrates. The letters above the lanes 
indicate that these DNA fragments corresponding to structures diagrammed in Figure 2. 
An arrow indicates the 37 nucleotide (nt) product of cleavage at the site indicated by the 
arrows in Figure 2. The graph at the right depicts the fluorescence intensity measured 
when each of the molecules depicted in Figure 2 was complexed to the katG capture 
probe and bound to a solid support in a structure probing assay. 

Figure 4 show a graph that depicts the fluorescence intensity measured when two 
variants of the katG target DNA with different amounts of flanking sequence were bound 
to a microtiter plate using a single capture probe. 

Figure 5 shows an analysis of several types of HCV by both the CFLP method 
and by DNA sequencing. The sequence lanes were resolved beside the lanes showing the 
products of CFLP cleavage. This allowed precise identification of the sites cleaved, and 
therefore the regions of structure, in the analysis of each of the HCV genotypes. The 
probes selected to interact in these regions are indicated to the right (SEQ ID NOS: 1 1- 
19). 

Figure 6 provides an alignment of sequences that have been determined for the 
HCV genotypes examined in Example 3. The sites within the HCV targets that the 
probes have been designed to complement are underlined and shown in bold. The 
numbers of the probes are indicated above each site. SEQ ID NOS:20-23 are shown in 
Figure 6. 

Figure 7 shows four graphs depicting the fluorescence signal measured after the 
solid support capture of the indicated HCV types by the indicated probes. 

Figures 8A, B and C show graphs depicting the fluorescence signal measured 
after the solid support capture of the indicated HCV types by the indicated probes, at 
temperatures ranging from room temperature (approximately 22°C) to 50°C. 
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Figures 9A-9D show graphs depicting the fluorescence signal measured after the 
solid support capture of different HCV types from clinical samples, by the indicated 
probes. 

Figure 10 shows schematic representations of the folded structures that would be 
5 assumed by each of the three test molecules, #80 (SEQ ID NO:39), #81 (SEQ ID NO:40) 

and #82 (SEQ ID NO:41). 

Figure 1 1 A and 1 IB show schematic representations of the capture 
oligonucleotides used in these studies. While they were tested with all three of the test 
molecules depicted in Figure 10, for convenience they are shown aligned with their 
10 complementary regions in test molecule #80 (SEQ ID NO: 3 9). 

Figures 12A-12D show graphs depicting the fluorescence signal measured after 
the solid support capture of the three test molecules, #80 (SEQ ID NO:39), #81 (SEQ ID 
NO:40),and #82 (SEQ ID NO:41) by the indicated probes. The wider fourth panel 
(Figure 12D), shows the fluorescence signal from each of the first three panels re-drawn 
15 together on a single scale of fluorescence intensity, for ease of comparison. 

Figures 13 A and 13B show graphs depicting the fluorescence signal measured 
after the solid support capture of the three test molecules, #80 (SEQ ID NO:39), #81 
(SEQ ID NO:40), and #82 (SEQ ID NO:41) by the indicated probes. The names of the 
probes used in each capture test are indicated above each individual panel in these Figure 
20 panels. 

Figure 14 shows a schematic diagram of the process for selecting two segments of 
bridging oligonucleotide based on the data from the use of 5 f and 3' nucleases to cleave a 
folded structure. Such cleavage reactions can be used to locate regions that are either 
upstream or downstream of folded structures, facilitating selection of complementary 
25 sequences to compose bridging oligonucleotides. 

Figure 15 shows an alignment of four 244 nt segments of HCV, representing 
types la, lb, 2a/c and 3a. Type la is shown in its entirety, while only the differences are 
indicated for the other types. Cleavage sites generated by CFLP cleavage are indicated 
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by vertical lines along the sequence, with the weakest cleavage sites shown as broken 
lines. 

Figure 16A and 16B show schematic diagrams of two possible secondary 
structures for a 244 nt fragment derived from HCV type la 
5 Figure 17A shows an analysis by the CFLP method of a 244 nt fragment derived 

from HCV type la and two 205 nt truncated fragments. The sizes of the significant 
cleavage bands are indicated to the right of the panel. 

Figure 17B shows schematic diagrams of two of the predicted structures for a 
region of the 244 nt amplicon derived from HCV type la. The CFLP data indicates that 
10 the target DNA assumes multiple conformations in solution, each contributing to the 

cleavage pattern (Brow et al 9 supra) 

Figure 17C shows schematic diagram of three bridging oligonucleotides designed 
two interact with the predicted structures for this region (SEQ ID NOS:53, 64, and 65). 
The regions that are complementary as aligned to the target are indicated by a black line 
1 5 between the strands. 

Figure 18A-D show schematic diagrams of the predicted structures for a region of 
the 244 nt amplicon derived from HCV types la, lb, 2a/c and 3a, respectively. In 18 B-D 
the bases that differ from the type la sequence are shown in bold. Each is aligned with 
bridging oligonucleotides of six different designs (SED ID NOS:53, 54, 55, 56, 57, and 
20 58). The regions that are complementary as aligned to the target are indicated by a black 

line between the strands. The 3' terminal contact sequence of each probe (excepting "c") 
is complementary to eight contiguous target bases upstream of the right most stem, but 
representation of the small central stem prevents showing this alignment. 

Figures 19 shows graphs depicting the fluorescence signal measured after the 
25 solid support capture of the amplicons derived from HCV types la, lb, 2a/c and 3a by the 

indicated probes. The letters identifying the probes used in each capture test are indicated 
below each bar, and the signal in arbitrary fluorescence units is shown on the left of each 
panel. 
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Figure 20A shows a schematic diagram of a structure in the amplicon derived 
from HCV type la aligned with non-bridging probes "a" and "e" and bridging probes "b" 
- "d". The regions that are complementary as aligned to the target are indicated by a 
black line between the strands. 
5 Figure 20B shows a schematic diagram of a structure in the amplicon derived 

from HCV type la as it might be expected to pair with the fully complementary non- 
bridging oligonucleotide "a" (SEQ ID NO: 52). The regions that are complementary as 
aligned to. the target are indicated by a black line between the strands. 

Figure 21 shows a fluorescence imager scan of the products of primer extension 
10 reactions using the probes depicted in Figure 20A and the folded target strands derived 

from HCV types la, lb, 2a/c and 3a, or using human genomic DNA as a control, as 
indicated above each lane. An arrow indicates the 170 nucleotide (nt) product of 
extension. 

Figure 22 shows a schematic diagram of a structure in the amplicon derived from 
15 HCV type la aligned with non-bridging probes "a" and "e" and bridging probe "b" (SEQ 

ID NOS:52, 53, and 59, respectively). The regions that are complementary as aligned to 
the target are indicated by a black line between the strands. 

Figure 23 shows a fluorescence imager scan of the products of primer extension 
reactions using the probes and target depicted in Figure 22 in reactions performed over a 
20 range of temperatures. The temperatures of each reaction are indicated at the top of the 

panel, and the unreacted probes are indicated by arrows and their letters on the left. An 
arrow indicates the 170 nucleotide (nt) product of extension. 

Figure 24 shows a schematic diagram of a structure in the amplicon derived from 
HCV type la aligned with non-bridging probes "a" and "e" and bridging probes "b" - f, d" 
25 and ligation oligonucleotide "f ' (SEQ ID NOS:52, 59, 53, 57, 58, and 62, respectively). 

The regions that are complementary as aligned to the target are indicated by a black line 
between the strands. 
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Figures 25 shows graphs depicting the fluorescence signal measured after the 
solid support capture of the amplicons derived from HCV types la, lb, 2a/c and 3a by the 
indicated probes and combinations of probes. The letters identifying the probes used in 
each capture test are indicated below each bar, and the signal in arbitrary fluorescence 
5 units is shown on the left of each panel. 

Figure 26 shows a schematic diagram of an unstructured synthetic target (SEQ ID 
NO:63) aligned with non-bridging probes "a" and "e" and bridging probes M b" - "d" and 
ligation oligonucleotide "f ' (SEQ ID NOS:52, 59, 53, 57, and 58, respectively). The 
regions that are complementary as aligned to the target are indicated by a black line 
1 0 between the strands. 

Figure 27 shows a fluorescence imager scan of the products of ligation reactions 
using the probes and targets depicted in Figures 24 and 26. The unreacted probes are 
indicated at 8 and 18 nt by arrows on the left. Arrows indicates the 33 nt product of 
ligation between the probe "f 1 and "a", "b", "c" or "d", and the 23 nt product of ligation 
15 between "f and "e". 

Figure 28 shows a fluorescence imager scan of the products of ligation reactions 
using the ligation probe "f ' and the bridging probe "b" in reactions performed at various 
temperatures, using target amplicons derived from HCV types la, lb, 2a/c and 3a. 
Arrows on the left indicate the unreacted probe at 18 nt the product of ligation at 33 nt. 
20 Figures 29A and 29B show a schematic diagram of either a structure in the 

amplicon derived from HCV type la, or an unstructured synthetic target (SEQ ID NO:63) 
respectively, aligned with non-bridging probes "a" and "e", bridging probes "b" - "d" and 
invasive cleavage probe "g" (SEQ ID NOS:52, 53, 57, 59, and 58, respectively). The 
regions that are complementary as aligned to the targets are indicated by a black line 
25 between the strands. 

Figure 30 shows a fluorescence imager scan of the products of invasive cleavage 
reactions using the probes and targets depicted in Figures 29 A and 29B. The identities of 
the target DNA and probes used in each reaction (in addition to the cleavage probe f, g"; 
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SEQ ID NO:60) are indicted above each lane, and the unreacted probes are indicated by 
arrows and their letters on the left. An arrow indicates the 4 nucleotide (nt) product of 
cleavage. 

Figure 31 shows a schematic diagram of a structure in the amplicon derived from 
5 HCV type la aligned with bridging probe "b" (SEQ ID NO:53) and invasive cleavage 

probe "h" (SEQ ID NO:61). The regions that are complementary as aligned to the target 
are indicated by a black line between the strands. 

Figure 32 shows a fluorescence imager scan of the products of invasive cleavage 
reactions using the probes and target depicted in Figure 31, in reactions performed over a 
1 0 range of temperatures, as indicated above the lanes. The identities of the target DNA and 

probes used in each reaction (in addition to the cleavage probe "h"; SEQ ID NO:61) are 
indicted above each lane, and the unreacted probes are indicated by arrows and their 
letters on the right. An arrow indicates the 4 nucleotide (nt) product of cleavage. 

Figure 33 shows a fluorescence imager scan of the products of invasive cleavage 
15 reactions using the probes and targets depicted in 29A and 31. The identities of the target 

DNA and probes used in each reaction are indicted above each lane, and the cleavage 
probes used ate indicated below the lanes. The unreacted probes are indicated by arrows 
and their letters on either side and arrows indicate the 4 nucleotide (nt) product of 
cleavage. 

20 Figure 34 is a schematic diagram showing one example of the use of bridging 

oligonucleotides as primers in a polymerase chain reaction. The "a-e" designations in this 
Figure are used to indicate the general steps in the reaction. 

Figure 35 is a schematic diagram showing two examples of target-dependent 
ligation of bridging oligonucleotides, with subsequent detection of the bridged ligation 
25 product by a ligase chain reaction. The "a-c" designations in this Figure are used to 

indicate the steps in the reaction, with either step a or b being followed by step c (i.e., b 
does not follow a in the progression of the steps). 

Figure 36 shows a fluorescence imager scan of the cleavage patterns generated 



-54- 



using the CFLP method on a 128 nucleotide fragment derived from the rpoB gene of M. 
tuberculosis (right lane). A marker having fragments of the indicated sizes (in 
nucleotides) is shown in the left lane and the sizes of the significant cleavage bands from 
the rpoB fragment are indicated to the right of the panel. 

Figure 37A shows two schematic diagrams of two possible secondary structures 
for a 128 nucleotide fragment derived from the rpoB gene of M. tuberculosis. 

Figure 37B shows four schematic diagrams; one is of the stem predicted to fold 
when nucleotide 62 of the rpoB amplicon is basepaired to nucleotide 114; three variant 
molecules, indicated as 1, 2, and 3, are also depicted. 

Figure 37C shows a schematic diagram of a structured site in the amplicon 
derived from the rpoB gene of M tuberculosis having a basepair between nucleotides 62 
and 1 14, aligned with bridging probes having different spacer regions (SEQ ID NOS:106, 
107, 108, and 109). The regions of the target that are complementary to the probes are 
indicated by a black line below the target structure. A graph depicts the fluorescence 
signal measured after the solid support capture of this amplicon by the indicated probes. 
The numbers identifying the probes used in each capture test are indicated above each bar 
and the spacer in each probe is indicated below each bar. The fluorescence signal is 
shown on the left of the panel as a percentage of the signal measured in experiments 
using a linear (non-bridging) control probe for capture of this target. 

Figure 38 A shows schematic diagrams of a three structured sites in the amplicon 
derived from the rpoB gene of M tuberculosis aligned with bridging probes 17 -20 (SEQ 
ID NOS:l 10, 1 1 1, 1 12, and 1 13). The regions that are complementary as aligned to the 
target are indicated by a black line between the strands. A graph depicts the fluorescence 
signal measured after the solid support capture of these amplicons by the indicated 
probes. The numbers identifying the probes used in each capture test are indicated below 
each bar, and the fluorescence signal is shown on the left of the panel as a percentage of 
the signal measured in experiments using a linear (non-bridging) control probe for 
capture of these targets. 
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Figure 38B shows schematic diagrams of two structured sites in the amplicon 
derived from the rpoB gene of M. tuberculosis aligned with bridging probes 78-106 and 
63-87 (SEQ ID NOsrl 14 and 1 15, respectively). The regions that are complementary as 
aligned to the target are indicated by a black line between the strands. A graph depicts 
5 the fluorescence signal measured after the solid support capture of this amplicon by the 

indicated probe. The numbers identifying the probes used in each capture test are 
indicated below each bar, and the fluorescence signal is shown on the left of the panel as 
a percentage of the signal measured in experiments using a linear (non-bridging) control 
probe for capture of this target. 

10 Figure 38C shows schematic diagrams of three structured sites in the amplicon 

derived from the rpoB gene of M. tuberculosis aligned with bridging probes 84-102, 57- 
1 19 or 84-102 (SEQ ID NOs:l 16, 117, and 118, respectively). The regions that are 
complementary as aligned to the target are indicated by a black line between the strands. 
A graph depicts the fluorescence signal measured after the solid support capture of this 

15 amplicon by the indicated probe. The numbers identifying the probes used in each 

capture test are indicated below each bar, and the fluorescence signal is shown on the left 
of the panel as a percentage of the signal measured in experiments using a linear (non- 
bridging) control probe for capture of this target. 

Figure 39 shows schematic diagrams of three possible structures ("a", "b", and 

20 "c") formed by the amplicon derived from the rpoB gene of M tuberculosis. Each of 

these three structures could cause CFLP cleavage 62 to 63 nucleotides from the 5 ! end of 
this fragment, contributing signal in this region of the CFLP gel pattern. 

Figure 40 shows a schematic diagram of structure "b" from Figure 39 aligned with 
a bridging probe (SEQ ID NO: 1 1 8) that could create a four-way junction. A graph 

25 depicts the fluorescence signal measured after the solid support capture of two different 

sized amplicons by this probe. The fluorescence signal is shown on the left of the panel 
as a percentage of the signal measured in experiments using a linear (non-bridging) 
control probe for capture of these targets. 
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Figure 41 shows schematic diagrams of structure "b" from Figure 39, either 
unaltered, or truncated and mutated to destabilize the shorter stem. Also depicted is 
bridging probe 62-98 (SEQ ID NO: 119), designed to hybridize across the longer 
remaining stem, and a graph depicting the fluorescence signal measured after the solid 
5 support capture of the shortened amplicon by the indicated probe. The fluorescence 

signal is shown on the left of the panel as a percentage of the signal measured in 
experiments using a linear (non-bridging) control probe for capture of this target. 

Figure 42 shows a schematic diagram of structure V from Figure 39 aligned with 
bridging probe 63-87 (SEQ ID NO:l 15), and a graph depicting the fluorescence signal 
10 measured after the solid support capture of three different sizes of amplicon by the 

indicated probe. The fluorescence signal is shown on the left of the panel as a percentage 
of the signal measured in experiments using a linear (non-bridging) control probe for 
capture of these targets. 

Figure 43 A shows a schematic diagram of a structure in the amplicon derived 
1 5 from HC V type 1 a aligned with bridging probe having two seven-nucleotide regions of 

complementarity (SEQ ID NO: 120). The regions that are complementary as aligned to 
the target are indicated by a black line between the strands. 

Figure 43B shows a schematic diagram of a structure in the amplicon derived 
from HCV type lb aligned with bridging probe having two 7 or 8 nucleotide regions of 
20 complementarity (SEQ ID NOS:121 and 122, respectively). The regions that are 

complementary as aligned to the target are indicated by a black line between the strands. 

Figure 44A shows a graph depicting the fluorescence signal measured after the 
solid support capture of the amplicons derived from HCV types la, lb, 2a/c and 3 a by the 
indicated probe. The amplicons used in each capture test are indicated below each bar. 
25 The fluorescence signal is shown on the left of the panel as a percentage of the signal 

measured in experiments using a linear (non-bridging) control probe for capture of this 
target, with 1 being 100 percent. 
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Figure 44B shows a graph depicting the fluorescence signal measured after the 
solid support capture of the amplicons derived from HCV types la, lb, 2a/c and 3a by the 
probes indicated at the top of each panel. The amplicons used in each capture test are 
indicated below each bar. The fluorescence signal is shown on the left of the panel as a 
5 percentage of the signal measured in experiments using a linear (non-bridging) control 

probe for capture of this target, with 1 being 100 percent. 

Figures 45 A and 45B show schematic representations of the steps of one 
embodiment of the accessible site determination method of the present invention. 

Figure 46 shows an analysis of the effect of 3 '-degenerate nucleotide length, from 
10 0 to 16 nt, on primer extension using human interferon (HFE)-^ mRNA as a template. 

Figure 47 shows mapping analysis of the products of the degenerate-primer 
RT-PCR by comparison of the position to a sequencing ladder. 

Figure 48 shows an analysis of the effects on the RT-PCR extension profile of 
hlFN-y of using two different 5 '-tag sequences on a partially degenerate primer. 
15 Figure 49 shows an analysis of the effects on the RT-PCR extension profile of 

hlFN-y of the time of hybridization prior to reverse transcription. 

Figure 50A shows a schematic diagram of a proposed secondary structure of a 47 
nucleotide region of ha-ras mRNA. Nucleotides shown in bold correspond to a regions 
from which the degenerate primers of the present invention were able to bind and extend 
20 in an RT-PCR reaction. 

Figure SOB shows a plot of binding constants (K a , M" 1 ) as determined from 
gel-shift assay experiments for 10-mer oligonucleotide probes complementary to the 
ha-ras mRNA, and walking its full 47 nucleotide length. 

Figure 51 shows sites within the first 200 nucleotides of the rabbit p-globin 
25 mRNA, indicated in bolt type, that were found to be accessible using the degenerate 

primer RT-PCR method of the present invention. 

Figure 52 shows sites within the human I-CAM-1 mRNA that were found to be 
accessible using the degenerate primer RT-PCR method of the present invention, 
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indicated in bold type. Underlined and boxed nucleotides indicate regions where 
antisense oligonucleotide inhibition studies were performed by others (Patzel et aL, 
supra; Chiang et al, J. Biol. Chem., 266:181 [1991]; Bennett et al. y J. Immunol., 
152:3530 [1994]). 

5 Figure 53 shows sequence of the hlFN-y mRNA. Bold type nucleotides are 

regions that were determined as accessible using degenerate-primer RT-PCR. Underlined 
nucleotides are regions that are predicted to be accessible by the computer program 
OligoWalk (Mathews et aL, RNA 5:1458 [1999]). 

Figure 54A shows an example of INVADER design for site 330 of hlFN-y. Note 

10 that the 3 '-end of the probe was walked across the accessible site by a one nucleotide step 

from nucleotides 315 to 335 on the mRNA for a total 21 probe/INVADER 
oligonucleotide design. Probe oligonucleotides were designed to have an optimal 
reaction temperature of approximately 50 °C and INVADER oligonucleotides were 
designed to have a 10 °C higher stability than their corresponding probe. Figure 54B 

15 shows probe turnover rates (mm 1 ) as determined in the INVADER assay. 

Figure 55A-C shows the sequence of Transcript 1 derived from the HIV gag gene 
(SEQ ID NO: 158). Locations of primers used for mapping are indicated by underlining; 
sites found to be accessible using the degenerate primer RT-PCR method of the present 
invention are shown in bold. 

20 Figure 56 shows mapping analysis of HIV transcript 1 (SEQ ID NO: 1 58) in the 

1840-1850 region using degenerate oligonucleotides of 0, 8, 10, or 12 nucleotides, in 
combination with 2 different tag sequences, Tag A and Tag B, by comparison to a 
sequencing ladder. 

Figure 57 shows an example of INVADER assay design for site 1840-1850 of 
25 HIV-1 with the probe sets walking across an accessible site in one-nucleotide steps. Each 

signal probe included the 'AAAA' 5 f arm and a 5' fluorescein, as indicated on Signal 
Probe 13, and each was used with the INVADER oligonucleotide having the same 
number {i.e., Signal Probe 12 was used with INVADER oligonucleotide 12). 
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Figure 58 shows probe turnover rates (min *) as determined in the INVADER 

assay. 

Figure 59 shows a schematic diagram of an INVADER oligonucleotide (SEQ ID 
NO: 180), primary probe oligonucleotide (SEQ ID NO: 189), an ARRESTOR 
5 oligonucleotide (SEQ ID NO: 190), a secondary target oligonucleotide (SEQ ID NO: 192) 

and FRET probe (SEQ ID NO: 193) for the detection of HIV RNA. The primary probe 
and INVADER oligonucleotides are shown aligned with a portion of HIV transcript 1 
(SEQ ID NO: 158). Cleavage of the primary probe oligonucleotide produces the arm 
oligonucleotide having SEQ ID NO: 191. 

L0 Figure 60 shows the accumulated fluorescence signal from INVADER assay 

reactions comprising 53 to 13,600 copies of HIV viral RNA per reaction. 

Figure 61A-C shows the sequence of Transcript 3 derived from the HIV pol gene, 
(SEQ ID NO: 159). Locations of primers used for mapping are indicated by underlining; 
sites found to be accessible using the degenerate primer RT-PCR method of the present 

1 5 invention are shown in bold. 

Figure 62 shows a schematic diagram of four sets of INVADER assay 
oligonucleotides aligned on a portion of HIV transcript 3 (SEQ ID NO: 1 59). Each set 
comprises a probe, a stacker and an INVADER oligonucleotide. Set 1 comprises probe 1 
(SEQ ID NO: 194) and INVADER oligonucleotide 1 (SEQ ID NO: 196); set 2 comprises 

20 probe 2 (SEQ ID NO: 195) and INVADER oligonucleotide 2 (SEQ ID NO: 197). Sets 1 

and 2 use the same stacker oligonucleotide (SEQ ID NO: 198). Set 3 comprises probe 3 
(SEQ ID NO: 199), INVADER oligonucleotide 3 (SEQ ID NO:201) and stacker 
oligonucleotide 3 (SEQ ID NO:203); Set 4 comprises probe 4 (SEQ ID NO:200), 
INVADER oligonucleotide 4 (SEQ ID NO: 202) and stacker oligonucleotide 4 (SEQ ID 

25 NO:204). 

Figure 63 shows a schematic diagram of four sets of INVADER assay 
oligonucleotides aligned on a portion of HIV transcript 3 (SEQ ID NO: 159). Each set 
comprises a probe, a stacker and an INVADER oligonucleotide. Set 5 comprises probe 5 
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(SEQ ID NO:205), INVADER oligonucleotide 5 (SEQ ID NO:209) and stacker 
oligonucleotide 5 (SEQ ID NO:213); Set 6 comprises probe 6 (SEQ ID NO:206), 
INVADER oligonucleotide 6 (SEQ ID NO: 210) and stacker oligonucleotide 6 (SEQ ID 
NO:214); Set 7 comprises probe 7 (SEQ ID NO:207), INVADER oligonucleotide 7 (SEQ 
5 ID NO:21 1) and stacker oligonucleotide 7 (SEQ ID NO:215); Set 8 comprises probe 8 

(SEQ ID NO:208), INVADER oligonucleotide 8 (SEQ ID NO: 212) and stacker 
oligonucleotide 8 (SEQ ID NO:216). 

Figure 64 shows a schematic diagram of four sets of INVADER assay 
oligonucleotides aligned on a portion of HIV transcript 3 (SEQ ID NO: 159). Each set 

10 comprises a probe, a stacker and an INVADER oligonucleotide. The probe, stacker and 

INVADER oligonucleotides of Set 1 are SEQ ID NOS:217, 224 and 221, respectively; 
for Sets 2 and 4, the stacker and INVADER oligonucleotides are SEQ ID NOS: 225 and 
222, respectively, with Set 2 using probe oligonucleotide SEQ ID NO: 218 and set 4 
using probe oligonucleotide SEQ ID NO:220; The probe, stacker and INVADER 

15 oligonucleotides of Set 3 are SEQ ID NOS:219, 222 and 223, respectively. 

Figure 65 shows probe turnover rates (min ! ) as determined in the INVADER 
assay for each of the probe sets shown in Figure 64, and the effects of using the sets 
without or with the corresponding stacker oligonucleotide. 

Figure 66 shows a schematic diagram of an INVADER oligonucleotide (SEQ ID 

20 NO:221), primary probe oligonucleotide (SEQ ID NO:226), a stacker oligonucleotide 

(SEQ ID NO:224), an ARRESTOR oligonucleotide (SEQ ID NO:227), a secondary 
target oligonucleotide (SEQ ID NO:192) and FRET probe (SEQ ID NO:193) for the 
detection of HIV RNA. The primary probe and INVADER oligonucleotides are shown 
aligned with a portion of HIV transcript 3 (SEQ ID NO: 1 59). Cleavage of the primary 

25 probe oligonucleotide produces the arm oligonucleotide having SEQ ID NO: 191. 

Figure 67 shows the accumulated fluorescence signal from INVADER assay 
reactions using the oligonucleotides diagrammed in Figure 66, over a range of 
concentrations of HIV viral RNA. Target copy number is indicated in copies per 



-61 - 



I 



reaction. 

Figure 68 shows probe turnover rates (mm 1 ) as determined in the INVADER 
assay for each of the probe sets shown in Figures 62 and 63, and the effects of using the 
sets without or with the corresponding stacker oligonucleotide. 
5 Figure 69 shows a schematic diagram of an INVADER oligonucleotide (SEQ ID 

NO:209), primary probe oligonucleotide (SEQ ID NO:228), a stacker oligonucleotide 
(SEQ ID NO:213), an ARRESTOR oligonucleotide (SEQ ID NO:229), a secondary 
target oligonucleotide (SEQ ID NO:192) and FRET probe (SEQ ID NO:193) for the 
detection of HIV RNA. The primary probe and INVADER oligonucleotides are shown 
10 aligned with a portion of HIV transcript 3 (SEQ ID NO: 1 59). Cleavage of the primary 

probe oligonucleotide produces the arm oligonucleotide having SEQ ID NO: 191. 

Figure 70 shows the accumulated fluorescence signal from INVADER assay 
reactions using the oligonucleotides diagrammed in Figure 69, over a range of 
concentrations of HIV viral RNA. Target copy number is indicated in copies per 
15 reaction. 

Figure 71 shows sites within the human PSP94 mRNA (SEQ ID NO:232), 
indicated by boxes, that were found to be accessible using the degenerate primer RT-PCR 
method of the present invention. Oligonucleotides used to generate cDNA and mRNA 
transcripts and for accessible sites mapping are shown (SEQ ID NOS:230-231). Only the 
20 RNA transcript region that was studied for accessibility is shown. 

Figure 72 shows sites within the human ubiquitin mRNA (SEQ ID NO:235), 
indicated by boxes, that were found to be accessible using the degenerate primer RT-PCR 
method of the present invention. Oligonucleotides used to generate cDNA and mRNA 
transcripts and for accessible sites mapping are shown (SEQ ID NOS:233-234). Only the 
25 RNA transcript region that was studied for accessibility is shown. Underlined regions in 

the RNA correspond to regions where accessible sites were studied but not mapped. 

Figure 73 shows sites within the HCV-la 5'-UTR (SEQ ID NO:240), indicated by 
boxes, that were found to be accessible using the degenerate primer RT-PCR method of 
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the present invention. Oligonucleotides used to generate cDNA and mRNA transcripts 
and for accessible sites mapping are shown (SEQ ID NOS:236-239). Only the RNA 
transcript region that was studied for accessibility is shown. 

Figure 74 shows sites within the HCV-lb 5'-UTR (SEQ ID NO:242), indicated by 
5 boxes, that were found to be accessible using the degenerate primer RT-PCR method of 

the present invention. Oligonucleotides used to generate cDNA and mRNA transcripts 
and for accessible sites mapping are shown (SEQ ID NOS:237-239, 241). Only the RNA 
transcript region that was studied for accessibility is shown. 

Figure 75 shows sites within the HCV-2 a/c 5'-UTR (SEQ ID NO:243), indicated 
10 by boxes, that were found to be accessible using the degenerate primer RT-PCR method 

of the present invention. Oligonucleotides used to generate cDNA and mRNA transcripts 
and for accessible sites mapping are shown (SEQ ID NOS:236-239). Only the RNA 
transcript region that was studied for accessibility is shown. 

Figure 76 shows sites within the HCV-3a 5'-UTR (SEQ ID NO:245), indicated by 
15 boxes, that were found to be accessible using the degenerate primer RT-PCR method of 

the present invention. Oligonucleotides used to generate cDNA and mRNA transcripts 
and for accessible sites mapping are shown (SEQ ID NOS:237-239, 244). Only the RNA 
transcript region that was studied for accessibility is shown. 

Figure 77A shows oligonucleotides used to generate cDNA and mRNA 
20 transcripts and for accessible sites mapping within Human Antigen CD36 mRNA (SEQ 

ID NOS:246-258). 

Figure 77B shows sites within the Human Antigen CD36 mRNA (SEQ ID 
NO:259), indicated by boxes, that were found to be accessible using the degenerate 
primer RT-PCR method of the present invention. Only the RNA transcript region that 
25 was studied for accessibility is shown. 

Figure 78 shows sites within the Human Ribosomal Protein L5 mRNA (SEQ ID 
NO:270), indicated by boxes, that were found to be accessible using the degenerate 
primer RT-PCR method of the present invention. Oligonucleotides used to generate 
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cDNA and mRNA transcripts and for accessible sites mapping are shown (SEQ ID 
NOS:260-269). Only the RNA transcript region that was studied for accessibility is 
shown. 

Figure 79A shows oligonucleotides used to generate cDNA and mRNA 
transcripts and for accessible sites mapping within Mouse Scavenger Receptor Class B 
Type I mRNA (SEQ ID NOS:271-284). 

Figure 79B shows sites within the Mouse Scavenger Receptor Class B Type I 
mRNA (SEQ ID NO:285), indicated by boxes, that were found to be accessible using the 
degenerate primer RT-PCR method of the present invention. Only the RNA transcript 
region that was studied for accessibility is shown. 

Figure 80A shows oligonucleotides used to generate cDNA and mRNA 
transcripts and for accessible sites mapping within Rat CX3CR1 Accession No. U04808 
mRNA (SEQ ID NOS:286-302). 

Figure 80B shows sites within the Rat CX3CR1 Accession No. U04808 mRNA 
(SEQ ID NO:303), indicated by boxes, that were found to be accessible using the 
degenerate primer RT-PCR method of the present invention. Only the RNA transcript 
region that was studied for accessibility is shown. 

Figure 81 A shows oligonucleotides used to generate cDNA and mRNA 
transcripts and for accessible sites mapping within Human Interleukin-1 beta (IL-1B) 
mRNA (SEQ ID NOS:304-314). 

Figure 8 IB shows sites within the Human Interleukin-1 beta (IL-1J3) mRNA (SEQ 
ID NO:315), indicated by boxes, that were found to be accessible using the degenerate 
primer RT-PCR method of the present invention. Only the RNA transcript region that 
was studied for accessibility is shown. 

Figure 82A shows oligonucleotides used to generate cDNA and mRNA 
transcripts and for accessible sites mapping within Human Interferon gamma mRNA 
(SEQ ID NOS:3 16-330). 

Figure 82B shows sites within the Human Interferon gamma mRNA (SEQ ID 
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NO: 141), indicated by boxes, that were found to be accessible using the degenerate 
primer RT-PCR method of the present invention. Only the RNA transcript region that 
was studied for accessibility is shown. 

Figure 83 A shows sites within the Pneumocystis carinii RNA (nucleotides 84-415 
of Accession # AF236872, SEQ ID NO:331) and Candida albicans RNA (nucleotides 
72-418 OF Accession # X74272, SEQ ID NO:332), indicated by boxes, that were found 
to be accessible using the degenerate primer RT-PCR method of the present invention. 

Figure 83B shows sites within Earwig R2 element RNA (SEQ ID NO:333) and 
Bombyx mori R2 element RNA (SEQ ID NO:334), indicated by boxes, that were found to 
be accessible using the degenerate primer RT-PCR method of the present invention. 

DEFINITIONS 

To facilitate understanding of the invention, a number of terms are defined below. 

The term "gene" refers to a DNA sequence that comprises control and coding 
sequences necessary for the production of a polypeptide or precursor. The polypeptide 
can be encoded by a full-length coding sequence or by any portion of the coding sequence 
so long as the desired enzymatic activity is retained. 

The term "wild-type" refers to a gene or gene product that has the characteristics 
of that gene or gene product when isolated from a naturally occurring source. A 
wild-type gene is that which is most frequently observed in a population and is thus 
arbitrarily designed the "normal" or "wild-type" form of the gene. In contrast, the term 
"modified" or "mutant" refers to a gene or gene product that displays modifications in 
sequence and or functional properties (i.e., altered characteristics) when compared to the 
wild-type gene or gene product. It is noted that naturally-occurring mutants can be 
isolated; these are identified by the fact that they have altered characteristics when 
compared to the wild-type gene or gene product. 

The term "LTR" as used herein refers to the long terminal repeat found at each 
end of a provirus (i.e., the integrated form of a retrovirus). The LTR contains numerous 
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regulatory signals including transcriptional control elements, polyadenylation signals and 
sequences needed for replication and integration of the viral genome. The viral LTR is 
divided into three regions called U3, R and U5. 

The U3 region contains the enhancer and promoter elements. The U5 region 
5 contains the polyadenylation signals. The R (repeat) region separates the U3 and U5 

regions and transcribed sequences of the R region appear at both the 5' and 3' ends of the 
viral RNA. 

The term "oligonucleotide" as used herein is defined as a molecule comprised of 
two or more deoxyribonucleotides or ribonucleotides, preferably more than three, and 

10 usually more than ten. The exact size will depend on many factors, which in turn 

depends on the ultimate function or use of the oligonucleotide. The oligonucleotide may 
be generated in any manner, including chemical synthesis, DNA replication, reverse 
transcription, or a combination thereof. 

Because mononucleotides are reacted to make oligonucleotides in a manner such 

15 that the 5' phosphate of one mononucleotide pentose ring is attached to the 3 f oxygen of 

its neighbor in one direction via a phosphodiester linkage, an end of an oligonucleotide is 
referred to as the "5' end" if its 5' phosphate is not linked to the 3' oxygen of a 
mononucleotide pentose ring and as the "3' end" if its 3' oxygen is not linked to a 5' 
phosphate of a subsequent mononucleotide pentose ring. As used herein, a nucleic acid 

20 sequence, even if internal to a larger oligonucleotide, also may be the to have 5 1 and 3 f 

ends. 

When two different, non-overlapping oligonucleotides anneal to different regions 
of the same linear complementary nucleic acid sequence, and the 3' end of one 
oligonucleotide points towards the 5 f end of the other, the former may be called the 
25 "upstream" oligonucleotide and the latter the "downstream" oligonucleotide. 

The term "primer" refers to an oligonucleotide that is capable of acting as a point 
of initiation of synthesis when placed under conditions in which primer extension is 
initiated. An oligonucleotide "primer" may occur naturally, as in a purified restriction 
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digest or may be produced synthetically. 

A primer is selected to have on its 3' end a region that is "substantially" 
complementary to a strand of specific sequence of the template. A primer must be 
sufficiently complementary to hybridize with a template strand for primer elongation to 
occur. A primer sequence need not reflect the exact sequence of the template. For 
example, a non-complementary nucleotide fragment may be attached to the 5 ! end of the 
primer, with the remainder of the primer sequence being substantially complementary to 
the strand. Non-complementary bases or longer sequences can be interspersed into the 
primer, provided that the primer sequence has sufficient complementarity with the 
sequence of the template to hybridize and thereby form a template primer complex for 
synthesis of the extension product of the primer. 

As used herein, the terms "hybridize" and "hybridization" refer to the annealing of 
a complementary sequence to the target nucleic acid (the sequence to be detected) 
through base pairing interaction (Marmur and Lane, Proc. Natl. Acad. Sci. USA 46:453 
[1960] and Doty et aL, Proc. Natl. Acad. Sci. USA 46:461 [I960]). The terms "annealed" 
and "hybridized" are used interchangeably throughout, and are intended to encompass 
any specific and reproducible interaction between an oligonucleotide and a target nucleic 
acid, including binding of regions having only partial complementarity and binding 
interactions that make use of non-canonical interactions for stability and/or specificity. 

The complement of a nucleic acid sequence as used herein refers to an 
oligonucleotide that, when aligned with the nucleic acid sequence such that the 5' end of 
one sequence is paired with the 3 1 end of the other, is in "antiparallel association." 
Certain bases not commonly found in natural nucleic acids may be included in the nucleic 
acids of the present invention and include, for example, inosine and 7-deazaguanine. 
Complementarity need not be perfect; stable duplexes may contain mismatched base pairs 
or unmatched bases. Those skilled in the art of nucleic acid technology can determine 
duplex stability empirically considering a number of variables including, for example, the 
length of the oligonucleotide, base composition and sequence of the oligonucleotide, 
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ionic strength and incidence of mismatched base pairs. 

The term "non-canonical" as used in reference to nucleic acids indicates 
interactions other than standard, or "Watson-Crick" base pairing, including but not 
limited to G-T and G-U base pairs, Hoogstein interactions, triplex structures, quadraplex 
5 aggregates, and multibase hydrogen bonding such as is observed within nucleic acid 

tertiary structures, such as those found in tRNAs. 

The stability of a nucleic acid duplex is measured by the melting temperature, or 
"T m ." The T m of a particular nucleic acid duplex under specified conditions is the 
temperature at which on average half of the base pairs have disassociated. 

10 The term "probe" as used herein refers to an oligonucleotide that forms a duplex 

structure or other complex with a sequence in another nucleic acid, due to 
complementarity or other means of reproducible attractive interaction, of at least one 
sequence in the probe with a sequence in the other nucleic acid. 

The terms "signal probe" and "signal oligonucleotide," as used herein, are used 

15 interchangeably in reference to any oligonucleotide that is provided to permit detection of 

the progress or products of a reaction or interaction. A signal probe may be labeled or 
unlabeled, and may be modified or left unmodified by the mechanism of the reaction. 

The term "label" as used herein refers to any atom or molecule that can be used to 
provide a detectable (preferably quantifiable) effect, and that can be attached to a nucleic 

20 acid or protein. Labels include but are not limited to dyes; radiolabels such as 32 P; 

binding moieties such as biotin; haptens such as digoxgenin; luminogenic, 
phosphorescent or fluorogenic moieties; and fluorescent dyes alone or in combination 
with moieties that can suppress or shift emission spectra by fluorescence resonance 
energy transfer (FRET). Labels may provide signals detectable by fluorescence, 

25 radioactivity, colorimetry, gravimetry, X-ray diffraction or absorption, magnetism, 

enzymatic activity, and the like. A label may be a charged moiety (positive or negative 
charge) or alternatively, may be charge neutral. Labels can include or consist of nucleic 
acid or protein sequence, so long as the sequence comprising the label is detectable. 
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As used herein, the term "folded target" refers to a nucleic acid strand that 
contains at least one region of secondary structure (i.e., at least one double stranded 
region and at least one single-stranded region within a single strand of the nucleic acid). 
A folded target may comprise regions of tertiary structure in addition to regions of 
5 secondary structure. 

The term "substantially single-stranded" when used in reference to a nucleic acid 
target means that the target molecule exists primarily as a single strand of nucleic acid in 
contrast to a double-stranded target that exists as two strands of nucleic acid that are held 
together by inter-strand base pairing interactions. 

10 Nucleic acids form secondary structures that depend on base-pairing for stability. 

When single strands of nucleic acids (single-stranded DNA, denatured double-stranded 
DNA or RNA) with different sequences, even closely related ones, are allowed to fold on 
themselves, they assume characteristic secondary structures. An alteration in the 
sequence of the target may cause the destruction of a duplex region(s), or an increase in 

15 stability of a thereby altering the accessibility of some regions to hybridization of the 

probes oligonucleotides. While not being limited to any particular theory, it is thought 
that individual molecules in the target population may each assume only one or a few of 
the structures (i.e., duplexed regions), but when the sample is analyzed as a whole, a 
composite pattern from the hybridization of the probes can be created. Many of the 

20 structures that can alter the binding of the probes are likely to be only a few base-pairs 

long and would appear to be unstable. Some of these structures may be displaced by the 
hybridization of a probe in that region; others may by stabilized by the hybridization of a 
probe nearby, such that the probe/substrate duplex can stack coaxially with the target 
intrastrand duplex, thereby increasing the stability of both. The formation or disruption 

25 of these structures in response to small sequence changes results in changes in the 

patterns of probe/target complex formation. Temperatures in the range of 20 to 55°C, 
with the range of 20 to 40°C being particularly preferred, are suitable temperatures for the 
practice of the method of the invention. 



-69- 



i 



The term "sequence variation" as used herein refers to differences in nucleic acid 
sequence between two nucleic acid templates. For example, a wild-type structural gene 
and a mutant form of this wild-type structural gene may vary in sequence by the presence 
of single base substitutions and/or deletions or insertions of one or more nucleotides. 
5 These two forms of the structural gene vary in sequence from one another. A second 

mutant form of the structural gene may exist. This second mutant form varies in 
sequence from both the wild-type gene and the first mutant form of the gene. It is noted, 
however, that the invention does not require that a comparison be made between one or 
more forms of a gene to detect sequence variations. Because the method of the invention 

10 generates a characteristic and reproducible pattern of complex formation for a given 

nucleic acid target, a characteristic "fingerprint" may be obtained from any nucleic target 
without reference to a wild-type or other control. The invention contemplates the use of 
the method for both "fingerprinting" nucleic acids without reference to a control and 
identification of mutant forms of a target nucleic acid by comparison of the mutant form 

1 5 of the target with a wild-type or known mutant control. 

The terms "structure probing signature," "hybridization signature" and 
"hybridization profile" are used interchangeably herein to indicate the measured level of 
complex formation between a folded target nucleic acid and a probe or set of probes, such 
measured levels being characteristic of the folded target nucleic acid when compared to 

20 levels of complex formation involving reference targets or probes. 

The term "nucleotide analog" as used herein refers to modified or non-naturally 
occurring nucleotides such as 7-deaza purines {i.e., 7-deaza-dATP and 7-deaza-dGTP). 
Nucleotide analogs include base analogs and comprise modified forms of 
deoxyribonucleotides as well as ribonucleotides. As used herein the term "nucleotide 

25 analog" when used in reference to targets present in a PCR mixture refers to the use of 

nucleotides other than dATP, dGTP, dCTP and dTTP; thus, the use of dUTP (a naturally 
occurring dNTP) in a PCR would comprise the use of a nucleotide analog in the PCR. A 
PCR product generated using dUTP, 7-deaza-dATP, 7-deaza-dGTP or any other 
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nucleotide analog in the reaction mixture is the to contain nucleotide analogs. 

"Oligonucleotide primers matching or complementary to a gene sequence" refers 
to oligonucleotide primers capable of facilitating the template-dependent synthesis of 
single or double-stranded nucleic acids. Oligonucleotide primers matching or 
5 complementary to a gene sequence may be used in PCRs, RT-PCRs and the like. As 

noted above, an oligonucleotide primer need not be perfectly complementary to a target 
or template sequence. A primer need only have a sufficient interaction with the template 
that it can be extended by template-dependent synthesis. 

The term "cleavage structure" as used herein, refers to a structure that is formed 

10 by the interaction of at least one probe oligonucleotide and a target nucleic acid to form at 

least one region of duplex, the resulting structure being cleavable by a cleavage means, 
including but not limited to an enzyme. The cleavage structure is a substrate for specific 
cleavage by the cleavage means, in contrast to a nucleic acid molecule that is a substrate 
for non-specific cleavage by agents such as phosphodiesterases, which cleave nucleic 

15 acid molecules without regard to secondary structure (Le., no formation of a duplexed 

structure is required). 

The term "cleavage means" and "cleavage agent" are used interchangeably herein 
to refer to any means that is capable of cleaving nucleic acid (e.g., nucleic acid 
comprising a cleavage structure), including but not limited to enzymes. In some 

20 embodiments, the cleavage means may include native DNAPs having 5 ! nuclease activity 

(e.g., Taq DNA polymerase, E. coli DNA polymerase I) and, more specifically, modified 
DNAPs having 5 ! nuclease but lacking synthetic activity. The ability of 5 1 nucleases to 
cleave naturally occurring structures in nucleic acid templates (structure-specific 
cleavage) is useful to detect internal sequence differences in nucleic acids without prior 

25 knowledge of the specific sequence of the nucleic acid. In this manner, they are 

structure-specific enzymes. The cleavage means is not restricted to enzymes having 
solely 5' nuclease activity. The cleavage means may include nuclease activity provided 
from a variety of sources including the CLEAVASE enzymes, the FEN-1 endonucleases 
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(including RAD2 and XPG proteins), Taq DNA polymerase and E. coli DNA polymerase 
I. In some embodiments, the cleavage means of the present invention cleave a nucleic 
acid molecule in response to the formation of cleavage structures; it is not necessary that 
the cleavage means cleave the cleavage structure at any particular location within the 
cleavage structure. 

The term "structure-specific nucleases" or "structure-specific enzymes" refers to 
enzymes that recognize specific secondary structures in a nucleic molecule and cleave 
these structures without the regard to the specific sequences making up the structure. 

The term "thermostable" when used in reference to an enzyme, such as a 5 1 
nuclease, indicates that the enzyme is functional or active (i.e., can perform catalysis) at 
an elevated temperature, i.e., at about 55°C or higher. 

The term "cleavage products" as used herein, refers to products generated by the 
reaction of a cleavage means with a cleavage structure {i.e., the treatment of a cleavage 
structure with a cleavage means). 

The term "target nucleic acid" refers to a nucleic acid molecule that contains a 
sequence that has at least partial complementarity with at least one probe oligonucleotide 
as well as nucleic acid molecules that comprise a folded target. The target nucleic acid 
may comprise single- or double-stranded DNA or RNA. 

The term "probe oligonucleotide" refers to an oligonucleotide that interacts with a 
target nucleic acid to form a complex. The complex may also comprise a cleavage 
structure. 

The term "non-target cleavage product" refers to a product of a cleavage reaction 
that is not derived from the target nucleic acid. In the methods of the present invention, 
cleavage of the cleavage structure may occur within the probe oligonucleotide. The 
fragments of the probe oligonucleotide generated by this target nucleic acid-dependent 
cleavage are "non-target cleavage products." 

The term "INVADER oligonucleotide" refers to an oligonucleotide that 
hybridizes to a target nucleic acid upstream of a probe oligonucleotide, wherein the 3' 
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end of the INVADER oligonucleotide contains a portion that overlaps (e.g., physically 
and/or by sequence) with a region of the target nucleic acid that is complementary to a 
probe oligonucleotide. In some embodiments, the 3 f end of the INVADER 
oligonucleotide positions the site of structure-specific nuclease cleavage within an 
adjacently hybridized oligonucleotide probe. In one embodiment its 3 1 end has at least 
one nucleotide of sequence that is identical the first target-complementary nucleotide of 
the adjacent probe; these nucleotides will compete for hybridization to the same 
nucleotide in a complementary target nucleic acid. In another embodiment, the 
INVADER oligonucleotide has a single 3' mismatched nucleotide, and hybridizes to an 
adjacent, but not overlapping, site on the target nucleic acid. 

The term "substantially single-stranded" when used in reference to a nucleic acid 
substrate means that the substrate molecule exists primarily as a single strand of nucleic 
acid in contrast to a double-stranded substrate that exists as two strands of nucleic acid 
that are held together by inter-strand base pairing interactions. 

A "consensus gene sequence" refers to a gene sequence that is derived by 
comparison of two or more gene sequences and that describes the nucleotides most often 
present in a given segment of the genes; the consensus sequence is the canonical 
sequence. 

The term "polymorphic locus" is a locus present in a population that shows 
variation between members of the population {i.e., the most common allele has a 
frequency of less than 0.95). In contrast, a "monomorphic locus" is a genetic locus at 
little or no variations seen between members of the population (generally taken to be a 
locus at which the most common allele exceeds a frequency of 0.95 in the gene pool of 
the population). 

The term "multi-drug resistant" or "multiple-drug resistant" refers to a 
microorganism that is resistant to more than one of the antibiotics or antimicrobial agents 
used in the treatment of the microorganism. 

The term "non-contiguous," when used to describe regions within a target nucleic 
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acid to be analyzed, is intended to mean that the regions are separated by intervening 
nucleic acid (or non-nucleic acid spacers). It is not intended that the present invention be 
limited by the size of the intervening nucleic acid (or the size of non-nucleic acid 
spacers). However, in preferred embodiments, the intervening sequence is at least five 
nucleotides in length. 

The term "non-contiguous," when used to describe regions within a nucleic acid 
probe, means sequences capable of hybridizing to the non-contiguous regions of target 
nucleic acid. It is not intended that the present invention be limited to probes having 
intervening nucleic acid; that is to say, the non-contiguous regions of a probe are defined 
functionally, with reference to their binding to non-contiguous regions in a target, the 
target having intervening nucleic acid separating the non-contiguous regions. 
Nonetheless, the probes of the present invention may have (but need not have) 
intervening nucleic acid (or a non-nucleic acid spacer). 

The terms "intervening nucleic acid, ,f "intervening portion, 1 ' "intervening region," 
"intervening nucleic acid sequence," and "intervening sequence," refer to nucleic acid 
(single-stranded or double-stranded), that separates two or more regions (e.g., non- 
contiguous regions) within a nucleic acid sequence. Where the present invention 
employs a probe having one or more intervening sequences, such intervening sequences 
are to be distinguished from mere single base mismatched nucleic acid, such that 
intervening sequences on the probe are at least two nucleic acids in length. 

The term "bridging" when used in conjunction with a type of nucleic acid (e.g., 
oligonucleotide, probe, primer, etc.), refers to a nucleic acid that is made to contact non- 
contiguous sites on a folded target nucleic acid. For example, a bridging probe and a 
bridging primer may refer to oligonucleotides that hybridize across a structure for 
detection, or for subsequent primer extension, respectively, although "primer" and 
"probe" may also be used to indicate other types of interactions or reactions. 

The term "non-bridging" when used in conjunction with a type of nucleic acid 
(e.g., oligonucleotide, probe, primer, etc.), refers to an nucleic acid that is not intended to 
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hybridize across, a structure (i.e., it contains a region substantially complementary to its 
hybridization partner nucleic acid). 

The term "reactant" refers to any agent that can act upon either the target or non- 
target nucleic acids to create a detectable alteration from the original nucleic acid 
5 chemical or nucleotide composition. 

The terms "catalyzed reaction 1 ' or "catalytic reaction" refers to any action on a 
nucleic acid that is catalyzed or enacted by a reactant other than the nucleic acid. 

The terms "modified probe" and "modified oligonucleotide" refer to probes that 
have been altered from their original composition by the action of a reactant. Such 

10 alterations include but are not limited to cleavage as by a nuclease, elongation as by a 

polymerase, or joining to another entity, either through a covalent interaction, such as by 
ligation to another nucleic acid, or by chemical cross-linking to an entity such as a 
protein, a nucleic acid, a detectable moiety, or a solid support. 

The terms "inaccessible" and "inaccessible site," when used in reference to a 

15 nucleic acid, are used to indicate nucleic acids or portions of nucleic acids that exhibit 

reduced or minimal hybridization to a complementary oligonucleotide, as compared to 
the hybridization of the oligonucleotide to the nucleic acid under conditions where the 
nucleic acid is substantially single stranded and free of other molecules. Inaccessible 
sites may be determined functionally, for example, by exposing a nucleic acid (e.g., a 

20 folded nucleic acid) to an oligonucleotide complementary to the site in question and 

detecting the presence of a binding complex between the oligonucleotide and the nucleic 
acid. The absence of a binding complex under experimental conditions characterizes the 
site as an inaccessible site. Likewise, a detectable reduction in the amount of binding 
complex as compared to a control binding experiment conducted under conditions where 

25 the nucleic acid is substantially single stranded and free of other molecules characterizes 

the site as an inaccessible site. Conditions generally required for hybridization of nucleic 
acids, including, but not limited to, temperature ranges, salt and divalent ion 
concentrations, and size and concentration of complementary nucleic acids are well 
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known in the art. It is contemplated that sites on a nucleic acid may be inaccessible for a 
variety of reason, including, but not limited to, being completely or partially double- 
stranded, or being bound by a binding agent such as an oligonucleotide, a protein, or 
reagent having an affinity for nucleic acid. 
5 The term "accessible" and "accessible site" when used in reference to a nucleic 

acid, are used to indicate nucleic acids or portions of nucleic acids that exhibit 
hybridization to a complementary oligonucleotide. Accessible sites exhibit similar levels 
of hybridization to oligonucleotides under experimental conditions (e.g., environmental 
conditions) as compared to conditions where the nucleic is rendered substantially single 

1 0 stranded and free of other molecules. 

The term "extendible site" refers to a site on a nucleic acid that has been 
determined to be accessible by hybridization and extension of a primer in the presence of 
a template-dependent nucleic acid extension agent. 

The terms "degenerate primer" and "degenerate oligonucleotide" refer to primers 

15 and oligonucleotides comprising at least a region where, within a plurality of molecules, 

the individual members differ in sequence from one another within the region. In some 
embodiments, the region of degeneracy may comprise the entire primer or 
oligonucleotide. In other embodiments, the nucleic acids may be otherwise identical (i.e., 
identical, but for the region of variance). For example, a plurality of 12-mer 

20 oligonucleotides may comprise a region of degeneracy consisting of 6 consecutive 

nucleotides in the center of the 12-mer (e.g., TCANNNNNNGTC). In this example, the 
members of the plurality of degenerate oligonucleotides differ in sequence from each 
other within the positions identified as "N." 

The term "tag" or "tag sequence" refers to a sequence provided on the 5' end of an 

25 extension primer that is not related to the nucleic acid sequence to be copied in a primer 

extension reaction (i.e., is not designed to be complementary to the target nucleic acid). 
A tag sequence may serve to provide a non-target sequence for primer binding during 
further amplification of the extended product (e.g., by PCR). 
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As used herein, the term "antisense" is used in reference to DNA or RNA 
sequences that are complementary to a specific DNA or RNA sequence (e.g., mRNA). 
Antisense RNA may be produced by any method, including synthesis by splicing the 
gene(s) or sequences of interest in a reverse orientation to a promoter that permits the 
5 synthesis of a coding strand. The specific hybridization of an oligomeric compound with 

its target nucleic acid may interfere with the normal function of the nucleic acid. The 
functions of DNA to be interfered with include replication and transcription. The 
functions of RNA to be interfered with include all vital functions such as, for example, 
translocation of the RNA to the site of protein translation, translation of protein from the 

10 RNA, splicing of the RNA to yield one or more mRNA species, and catalytic activity that 

may be engaged in or facilitated by the RNA. Antisense molecules are sufficiently 
complementary to the target (i.e., hybridize sufficiently well and with sufficient 
specificity) to give the desired effect. In the context of the present invention, 
"hybridization," with respect to antisense compositions and methods, means hydrogen 

15 bonding, which may be Watson-Crick, Hoogsteen or reversed Hoogsteen hydrogen 

bonding, between complementary nucleoside or nucleotide bases. For example, adenine 
and thymine are complementary nucleobases that pair through the formation of hydrogen 
bonds. It is understood that the sequence of an antisense compound need not be 100% 
complementary to that of its target nucleic acid to be specifically hybridizable. An 

20 antisense compound is specifically hybridizable when binding of the compound to the 

target DNA or RNA molecule interferes with the normal function of the target DNA or 
RNA to cause a loss of utility, and there is a sufficient degree of complementarity to 
avoid non-specific binding of the antisense compound to non-target sequences under 
conditions in which specific binding is desired (e.g., under physiological conditions in the 

25 case of in vivo assays or therapeutic treatment, and in the case of in vitro assays, under 

conditions in which the assays are performed). Antisense compounds are commonly used 
as research reagents and diagnostics. For example, antisense oligonucleotides, which are 
able to inhibit gene expression with specificity, can be used to elucidate the function of 
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particular genes. Antisense compounds are also used, for example, to distinguish 
between functions of various members of a biological pathway. The specificity and 
sensitivity of antisense is also applied for therapeutic uses. For example, antisense 
oligonucleotides have been employed as therapeutic moieties in the treatment of disease 
states in animals and man. Antisense oligonucleotides have been safely and effectively 
administered to humans and numerous clinical trials are presently underway. While 
antisense oligonucleotides are a preferred form of antisense compound, the present 
invention contemplates other oligomeric antisense compounds, including but not limited 
to oligonucleotide mimetics. Specific examples of preferred antisense compounds useful 
with the present invention include oligonucleotides containing modified backbones or 
non-natural internucleoside linkages. Oligonucleotides having modified backbones 
include those that retain a phosphorus atom in the backbone and those that do not have a 
phosphorus atom in the backbone. Modified oligonucleotides that do not have a 
phosphorus atom in their internucleoside backbone can also be considered to be 
oligonucleosides. Preferred modified oligonucleotide backbones include, for example, 
phosphorothioates, chiral phosphorothioates, phosphorodithioates, phosphotriesters, 
aminoalkylphosphotriesters, methyl and other alkyl phosphonates including 3-alkylene 
phosphonates and chiral phosphonates, phosphinates, phosphoramidates including 
3 f -amino phosphoramidate and aminoalkylphosphoramidates, thionophosphoramidates, 
thionoalkylphosphonates, thionoalkylphosphotriesters, and boranophosphates having 
normal 3'-5 f linkages, 2 f -5 l linked analogs of these, and those having inverted polarity 
wherein the adjacent pairs of nucleoside units are linked 3 f -5 f to 5'-3* or 2'-5 ! to 5 f -2 f . 
Preferred modified oligonucleotide backbones that do not include a phosphorus atom 
therein have backbones that are formed by short chain alkyl or cycloalkyl internucleoside 
linkages, mixed heteroatom and alkyl or cycloalkyl internucleoside linkages, or one or 
more short chain heteroatomic or heterocyclic internucleoside linkages. These include 
those having morpholino linkages (formed in part from the sugar portion of a nucleoside); 
siloxane backbones; sulfide, sulfoxide and sulfone backbones; formacetyl and 
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thioformacetyl backbones; methylene formacetyl and thioformacetyl backbones; alkene 
containing backbones; sulfamate backbones; methyleneimino and methylenehydrazino 
backbones; sulfonate and sulfonamide backbones; amide backbones; and others having 
mixed N, O, S and CH 2 component parts. In other preferred antisense oligonucleotide 
5 mimetics, both the sugar and the internucleoside linkage {i.e., the backbone) of the 

nucleotide units are replaced with novel groups. The base units are maintained for 
hybridization with an appropriate nucleic acid target compound. One such oligomeric 
compound, an oligonucleotide mimetic that has been shown to have excellent 
hybridization properties, is referred to as a peptide nucleic acid (PNA). In PNA 
10 compounds, the sugar-backbone of an oligonucleotide is replaced with an amide 

containing backbone, in particular an aminoethylglycine backbone. The nucleobases are 
retained and are bound directly or indirectly to aza nitrogen atoms of the amide portion of 
the backbone. 

As used herein, the term "reverse transcriptase 1 ' refers to an enzyme capable of 
1 5 producing DNA from an RNA template. A variety of DNA polymerases having the 

ability to use RNA as a template strand to generate DNA extension products are known. 
"Reverse transcription" refers to the process of producing a DNA copy of an RNA 
template. 

As used herein, the term "template-dependent extension agent" refers to an 
20 extension agent that performs a nucleic acid extension reaction that creates extension 

product strands through the copying of a template strand and which does not synthesize 
nucleic in the absence of a template. This is in contrast to the activity of the 
template-independent nucleic acid agents that synthesize or extend nucleic acids without 
reference to a template, such as terminal deoxynucleotidyl transferase, or Poly A 
25 polymerase. 

As used herein, the term "amplification agent" refers to any agent {e.g., enzyme) 
capable of increasing the population of a specific nucleic acid sequence in a sample. 
Amplification agents include, but are not limited to, nucleic acid polymerases (e.g., 
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thermostable polymerases that find use in the polymerase chain reaction). The art is well 
aware of a variety of agents and conditions for amplifying specific nucleic acid sequences 
within a sample. 

As used herein, the term "kit" refers to any delivery system for delivering 
5 materials. In the context of reaction assays, such delivery systems include systems that 

allow for the storage, transport, or delivery of reaction reagents (e.g., oligonucleotides, 
enzymes, etc. in the appropriate containers) and/or supporting materials (e.g., buffers, 
written instructions for performing the assay etc.) from one location to another. For 
example, kits include one or more enclosures (e.g., boxes) containing the relevant 

10 reaction reagents and/or supporting materials. As used herein, the term "fragmented kit" 

refers to a delivery systems comprising two or more separate containers that each contain 
a subportion of the total kit components. The containers may be delivered to the intended 
recipient together or separately. For example, a first container may contain an enzyme 
for use in an assay, while a second container contains oligonucleotides. The term 

15 "fragmented kit" is intended to encompass kits containing Analyte specific reagents 

(ASR's) regulated under section 520(e) of the Federal Food, Drug, and Cosmetic Act, but 
are not limited thereto. Indeed, any delivery system comprising two or more separate 
containers that each contains a subportion of the total kit components are included in the 
term "fragmented kit." In contrast, a "combined kit" refers to a delivery system 

20 containing all of the components of a reaction assay in a single container (e.g., in a single 

box housing each of the desired components). The term "kit" includes both fragmented 
and combined kits. 

As used herein, the terms "solid support" or "support" refer to any material that 
provides a solid or semi-solid structure with which another material can be attached. 
25 Such materials include smooth supports (e.g., metal, glass, plastic, silicon, and ceramic 

surfaces) as well as textured and porous materials. Such materials also include, but are 
not limited to, gels, rubbers, polymers, and other non-rigid materials. Solid supports need 
not be flat. Supports include any type of shape including spherical shapes (e.g., beads). 
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Materials attached to solid support may be attached to any portion of the solid support 
(e.g., may be attached to an interior portion of a porous solid support material). Preferred 
embodiments of the present invention have biological molecules such as nucleic acid 
molecules and proteins attached to solid supports. A biological material is "attached" to 

5 a solid support when it is associated with the solid support through a non-random 

chemical or physical interaction. In some preferred embodiments, the attachment is 
through a covalent bond. However, attachments need not be covalent or permanent. In 
some embodiments, materials are attached to a solid support through a "spacer 
molecule" or "linker group." Such spacer molecules are molecules that have a first 

10 portion that attaches to the biological material and a second portion that attaches to the 

solid support. Thus, when attached to the solid support, the spacer molecule separates the 
solid support and the biological materials, but is attached to both. 

DESCRIPTION OF THE INVENTION 

1 5 The present invention provides methods for identifying oligonucleotides with 

desired hybridization properties to nucleic acid targets containing secondary structure. 
Some methods of the present invention also use the combined effects of mismatch and 
folded structure on hybridization to provide a tool for the detection of mutations and 
other polymorphisms in nucleic acids (e.g., DNA and RNA). The simultaneous probing 

20 of the primary (sequence), secondary (simple folded) and tertiary (interactions between 

secondary folds) structures of substrate molecules is referred herein simply as "structure 
probing." Rather than destroying secondary structures by high stringency conditions and 
target fragmentation, the methods of the present invention uses conditions in which the 
formation of intramolecular structures is favored, i.e., unfragmented target strands in 

25 conditions of low stringency. Thus, the present method of probing is designed to detect 

variations between nucleic acids at any of these levels in a single assay. 

At temperatures below the melting range of duplexed nucleic acid (i.e., below the 
melting temperature of long [i.e., >100 bp] nucleic acids; this is generally taken to be 
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temperatures below about 85°C for a nucleic acid of average G-C content), 
single-stranded nucleic acids undergo a complex process of intramolecular folding. The 
first rapid step of this process involves formation of short-range, or local stem-loops 
structures. Later in the folding process, formation of tertiary or global structure occurs as 
a result of interactions between different local domains (Zarrinkar and Williamson, 
Science 265:928 [1994] and Zarrinkar and Williamson, Nat. Struct. Biol., 3:432 [1996]). 
The effects of secondary structure of the target on probe binding is well documented for 
DNA and RNA molecules (Gamper et aL, supra; Fedorova et aL, FEBS Lett. 302:47 
[1992]; Lima et aL, Biochem., 31:12055 [1992]; Godard et aL, Nucl. Acids Res., 22:4789 
[1994]; Zarrinkar and Williamson, [1994], supra; Parkhurst and Parkhurst, Biochem., 
34:285 [1995]; and Schwille et aL, Biochem., 35:10182 [1996]). Target sequences that 
form stable duplexes within intramolecular secondary structures can have probe binding 
constants 10 5 -10 6 times lower than sequences that exists as a single strands (Lima et aL, 
supra). The reduction of the hybridization constant for structured regions is primarily 
due to a lower association rate constant rather than a higher dissociation rate constant 
(Lima et aL, supra; Gamper et aL, supra and Parkhurst and Parkhurst, supra), supporting 
the model that the structures in the target are blocking access of the probe to the 
complementary region within the target molecule. 

Mutations in the target sequence change both local and global conformations of 
the molecule. It has been shown that the conformations assumed by single strands of 
nucleic acids can be probed using a structure-specific nuclease that cleaves in response to 
the structures that are formed in a number of test reaction conditions. (Brow et aL, 
supra). Such cleavage creates a collection of product fragments that reflect those 
structures and which are characteristic of the particular strands. The structures that give 
rise to cleavage patterns are very sensitive to the precise nucleotide sequence of the 
strand, such that even single base differences in nucleic acids that are several hundred 
nucleotides long create sufficient changes in the folded conformations to be detectable in 
the resulting cleavage pattern (Brow et aL, supra), and the changes in eiectrophoretic 
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mobility in SSCP. As a result of these changes, some regions that were previously base 
paired may become unpaired and vice versa. By measuring probe hybridization rates it is 
possible to determine whether or not any region of a target molecule forms intramolecular 
structure. The examples below describe the use of multiple oligonucleotides to 

5 characterize DNA fragments (i.e., for structure probing). This approach is diagrammed 

schematically in Figure 1. 

In Figure 1, three different, but related, target nucleic acids are analyzed using the 
structure probing assay of the present invention. Allele/Type 1 represents the 
prototypical target sequence (e.g., a wild type allele of gene X); Allele/Types 2 and 3 

10 represent different alleles of the same target sequence (e.g., two different allelic variants 

of gene X). The thick regions labeled 1-5 along the three target nucleic acids represent 
the regions along the target that are complementary to probes 1-5. Allele/Type 2 contains 
a single-base variant (e.g., a point mutation) relative to Allele/Type 1 (represented by the 
small open circle between regions 3 and 4 of Allele/Type 2). This variant does not 

1 5 appear in a region where a probe binds to the Type 2 target; however, this variant alters 

the secondary structure of the Type 2 molecule relative to that of the Type 1 molecule 
such that region 3 of the Type 2 molecule is essentially unavailable for hybridization with 
probe 3. Allele/Type 3 also contains a single-base variant (e.g., a point mutation) relative 
to Allele/Type 1 (represented by the small open circle within region 3 of Allele/Type 3). 

20 The variant in this molecule is located within a probe binding region and reduces the 

efficiency with which probe 3 binds to the Type 3 molecule. The target nucleic acids are 
rendered substantially single-stranded (i.e., they are denatured, e.g., by heating) and then 
permitted to form secondary structures (e.g., by cooling) and then hybridized with probes 
1-5. The probe/target complexes are captured onto a solid support and the amount of 

25 target that binds to each of probes 1-5 is determined for each target to generate a probe 

structure signature (also referred to as a hybridization signature or profile). The 
schematic shown in Figure 1 is intended to illustrate that the signal variation may come 
from probe/target mismatch, or from the formation of local structures that block probe 
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binding sites (i.e., regions on the target which are at least partially complementary to the 
probe). Tertiary structure, involving interactions between sequences at some distance 
(even several hundred nucleotides) may also block binding, i.e., mutations at one site may 
influence probe binding hundreds of nucleotides away, as is seen with the katG targets 
5 employed in Example 1 . 

In the Examples below, the oligonucleotide probes include a biotin moiety so that 
the labeled target DNAs that have formed a hybridization complex with the probes can be 
captured by exposure to a solid support coated with streptavidin. When used for 
immobilization in this way, the probes are referred to herein as "capture probes." The 
10 labels on the DNA can then be detected, with the amount of captured DNA reflecting the 

efficiency of the probe/target hybridization, and thus the strength of a particular binding 
interaction. 

In the Examples below, the solid support employed is a well of a 96-well 
microtiter plate. This format was chosen for convenience; the methods of the present 

1 5 invention are not limited to the use of microtiter plates or any particular support. The 

present invention contemplates the use of many types of solid supports, including but not 
limited to beads, particles, dipsticks, membranes and silicon or glass flat surfaces. It is 
also contemplated that the binding of the probe/target complexes to surfaces may be 
through interactions with the target nucleic acid (e.g., the use of biotinylated target 

20 nucleic acids), while a detectable label may be included on the probes. 

In the embodiments presented herein, the affinity of the target nucleic acid (e.g., a 
DNA fragment of interest) for different probes is assessed by performing separate 
hybridization and solid support capture determinations for each probe sequence. It is 
envisioned that differently labeled probes, e.g., with different fluorescent dyes or other 

25 detectable moieties, may be used together in a single complex formation reaction. Use of 

an instrument that can detect several types of signal, such as a fluorimeter with the 
capacity to excite and detect at a variety of wavelengths, allows the signal contribution 
from each of the bound probes to be assessed. 
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In some typing applications, variants may have any one of several sequences (and 
therefore structures) and still be classed as the same type (e.g., in HCV, there are 
numerous sequence variants that are classed as type lb). If it is not necessary to 
separately identify the subtypes within a type, a mixture of probes may be provided such 

5 that at least one type of probe interacts with each of the different known variants. If the 

target interacts appropriately (i.e., with the expected affinity) with any probe in the 
mixture it can be deduced to be of a broad type without concern about the identity of the 
particular subtype variant. In this way, genetic materials known to vary in sequence 
without affecting function or type (as do many rapidly changing pathogens) may be 

10 analyzed in a single assay without the need for a complex matrix of probes or for 

sequence determination. 

In the following discussion, the oligonucleotide probes are discussed as capture 
probes. The use of this term is for convenience only, to avoid repetition of the 
enumeration of the possible configurations for this method, and it is intended that each of 

15 the embodiments described below may be used in combination with any of the 

probe/target configurations (e.g., labeled probes and captured target DNA and vice versa) 
described above. 

The probes used in the methods of the present invention may be used without any 
prior analysis of the structure assumed by a target nucleic acid. In designing such an 

20 assay, one designs probes that would span the entire length of the target sequence, (i.e., 

they would be complementary to regions of the target that are substantially evenly spaced 
across the entire length of the target). Probes designed in this way may be phased to a 
variety of densities. For example, the probes may each shift in hybridization site by one 
or a few nucleotides, to give a very high resolution fingerprint of the target, or they may 

25 be designed to hybridize to adjacent but not overlapping regions, to give thorough 

coverage at a slightly lower resolution. Alternatively, they may be spaced at much larger 
intervals for a lower resolution screen. The choice of spacing will be dependent on the 
needs of the assay. A higher density fingerprint will have a greater likelihood of 
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identifying any possible polymorphism, and may be more suitable for situations where 
certainty in identification of single base changes is required (e.g., identification of 
mutations associated with cancers and other diseases). When genotyping is to be 
performed on targets in which more variation is expected (e.g., rapidly changing viruses), 

5 a lower density array may be sufficient for accurate identification. The examples below 

provide such an analysis for the identification of Hepatitis C viral types. For any given 
case, it can be determined empirically using appropriately selected reference target 
molecule whether a chosen probe or array of probes can distinguish between genetic 
variants sufficiently for the needs of a particular assay. Once a probe or array of probes is 

10 selected, the analysis of which probes bind to a target, and how efficiently these probes 

bind (i.e., how much of probe/target complex can be detected) allows a hybridization 
signature of the conformation of the target to be created. One possible format for such a 
signature is as a graph of the measured amounts of a complex formed between the target 
and each probe, as shown in Figures 4, 7, 8, and 9. It is not intended that the structure 

15 probing or hybridization signature be limited to the use of the column graphs shown in 

these figures. It is contemplated that the signature may be stored, represented or analyzed 
by any of the methods commonly used for the presentation of mathematical and physical 
information, including but not limited to line, pie, or area graphs or 3-dimensional 
topographic representations. The data may also be used as a numerical matrix, or any 

20 other format that may be analyzed either visually, mathematically or by computer- 

assisted algorithms. 

The resulting signatures of the nucleic acid structures serve as sequence-specific 
identifiers of the particular molecule, without requiring the determination of the actual 
nucleotide sequence. While specific sequences may be identified by comparison of their 
25 signature to a reference signature, the use of algorithms to deduce the actual sequence of 

a molecule by sequence-specific hybridization (i.e., at high stringency to eliminate the 
influence of secondary and tertiary structures) to a complete matrix (i.e., probes that shift 
by a single nucleotide position at each location of an array), is not a feature or 
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requirement, or within the bounds of the methods of the present invention. 

It is contemplated that information on the structures assumed by a target nucleic 
acid may be used in the design of the probes, such that regions that are known or 
suspected to be involved in folding may be chosen as hybridization sites. Such an 
approach reduces the number of probes that are likely to be needed to distinguish between 
targets of interest. 

There are many methods used to obtain structural information involving nucleic 
acids, including the use of chemicals that are sensitive to the nucleic acid structure, such 
as phenanthroline/copper, EDTA-Fe 2+ , cisplatin, ethylnitrosourea, dimethyl 
pyrocarbonate, hydrazine, dimethyl sulfate, and bisulfite. Such chemical reagents may 
cause cleavage based on structure, or they may cause nucleotide modification that can 
subsequently be detected, such as by pausing or blocking of reverse transcriptase or other 
DNA polymerase copying, or by fingerprinting or other chromatography methods. Those 
skilled in the art are familiar with numerous additional methods for the detection of 
nucleotide modifications within a nucleic acid strand. 

Enzymatic probing can be done using structure-specific nucleases from a variety 
of sources. Duplex-specific nucleases such as cobra venom V, nuclease have been 
widely used in the analysis of RNA structures (See e.g., Lowman and Draper, J. Biol. 
Chem., 261:5396 [1986]). In addition, suitable 5' nucleases include the CLEAVASE 
enzymes (Third Wave Technologies, Inc., Madison, WI), Taq DNA polymerase, E. coli 
DNA polymerase I, and eukaryotic structure-specific endonucleases (e.g., human, murine 
mdXenopus XPG enzymes, yeast RAD2 enzymes), murine FEN-1 endonucleases 
(Harrington and Lieber, Genes and Develop., 3:1344 [1994]) and calf thymus 5' to 3 f 
exonuclease (Murante et ai, J. Biol. Chem., 269:1 191 [1994]). In addition, enzymes 
having 3' nuclease activity such as members of the family of DNA repair endonucleases 
(e.g., the Rrpl enzyme from Drosophila melanogaster, the yeast RAD 1 /RAD 10 complex 
and E. coli Exo III), are also suitable for examining the structures of nucleic acids. In 
Example 3, the use of the CFLP method for identifying regions of folding in PCR 
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amplified segments of the HCV genome is described. 

If analysis of structure as a step in probe selection is to be used for a segment of 
nucleic acid for which no information is available concerning regions likely to form 
secondary structures, the sites of structure-induced modification or cleavage must be 

5 identified. It is most convenient if the modification or cleavage can be done under 

partially reactive conditions (i.e., such that in the population of molecules in a test 
sample, each individual receives only one or a few cuts or modifications). When the 
sample is analyzed as a whole, each reactive site should be represented, and all the sites 
may be thus identified. Using a CFLP cleavage reaction as an example, when the partial 

10 cleavage products of an end labeled nucleic acid fragment are resolved by size (e.g., by 

electrophoresis), the result is a ladder of bands indicating the site of each cleavage, 
measured from the labeled end. Similar analysis can be done for chemical modifications 
that block DNA synthesis; extension of a primer on molecules that have been partially 
modified will yield a nested set of termination products. Determining the sites of 

15 cleavage/modification may be done with some degree of accuracy by comparing the 

products to size markers (e.g., commercially available fragments of DNA for size 
comparison) but a more accurate measure is to create a DNA sequencing ladder for the 
same segment of nucleic acid to resolve alongside the test sample. This allows rapid 
identification of the precise site of cleavage or modification. 

20 Two approaches have commonly been applied to elucidate nucleic acid secondary 

structures: physical approaches, such as analysis of crystal structure or NMR, and 
analytical approaches, such as comparative or phylogenetic analysis. Physical analysis 
remains the only way to get a complete determination of a folded structure for any given 
nucleic acid. However, that level of analysis is impractical if the goal is to analyze a 

25 large number of molecules. By far, the most often used method of analyzing biological 

nucleic acids is a phylogenetic, or comparative approach. This method of analysis is 
based on the biological paradigm that functionally homologous sequences will adopt 
similar structures. Sequences are screened for sequence conservation, stem-loop 
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conservation, and for compensatory sequence changes that preserve predicted structures. 
Unfortunately, such analysis can only be applied when the number of related sequences is 
large enough for statistical analysis. 

The efficient analysis of single nucleic acids requires the use of multiple tools. 

5 Many of the available tools can give partial information on the possible structures 

assumed by a given molecule. As stated above, these methods include enzymatic 
analysis, chemical structure probing, and computer based analysis of regions of base 
pairing. In addition, deletion studies, in which portions of a linear molecule are deleted 
and the effects on the folding are analyzed by the above-cited methods, can help identify 

10 with more certainty those regions of a nucleic acid that interact with each other. None of 

these methods in isolation can provide sufficient physical information to identify with 
certainty any non-contiguous regions that will be in close enough proximity to be 
simultaneously contacted by a bridging oligonucleotide. For example, one of the most 
commonly used nucleic acid folding programs, "mfold" (Zuker, Science 244:48 [1989]; 

15 Jaeger et aL, Proc. Natl. Acad. Sci. USA, 86:7706 [1989]; Jaeger et aL 9 Meth. Enzymol. 

183:281 [1990]) uses previously determined physical measurements for the effects of 
various secondary structure features, such as basepair combinations, loops, bulges, etc., 
on the stability of folded structures to predict structures that have the lowest possible free 
energy. This approach is referred to as an energy minimization approach (See, Gaspin 

20 and Westhof, J. Mol. Biol. 254: 163 [1995] for review). While mfold and other computer- 

based folding algorithms can be made to present only those structures that are most likely 
to form (e.g., that are thermodynamically favored), when the software is permitted to 
show structures that are even slightly less energetically favorable, there are usually 
dozens of such structures predicted for any given nucleic acid strand. Even though these 

25 structures may be very stable, and may in fact be proven to exist in nature, they are 

referred to as "suboptimal" structures, because they are calculated to have a less favorable 
free energy based on the software parameters. Using information derived from the other 
methods (e.g., analyzing folded structures or by physical methods), allows the number of 
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structures to be pared down dramatically, from many, many possible structures, to a few 
probable ones. 

One additional software-based approach involves tallying the number of pairing 
partners available for each base within a collection of suboptimal structures predicted for 
a given nucleic acid strand (Zuker and Jacobson. NucL Acids Res. 23:2791 [1995]). The 
pairing number, or "p-num" for each base gives a quantitative measure of the fidelity of 
pairing, i.e., the number of possible pairing partners, of each base position. It has been 
observed that predicted structures containing bases with p-nums that are lower than those 
of surrounding regions have a stronger correlation with structures that have been verified 
by physical or phylogenetic conservation data. Therefore using mfold and p-num together 
can help simplify the task of identifying structures that may be assumed by a nucleic acid 
strand. Both p-num and mfold are available commercially (Genetics Computer Group, 
Madison, WI). 

A significant limitation of the energy minimization programs for nucleic acids 
folding is that all of them, including mfold, use greatly simplified thermodynamic models 
that include energy parameters that are not well defined. The result is that the predicted 
optimal structures may not correspond to the actual conformation of the nucleic acid in 
solution. A partial solution to this is to extend the number of computed structures to 
include those that have suboptimal energies, thereby increasing the chances that one of 
them has better correlation with a real one. This step may produce a large number of 
possible structures, and identification of actual structures may be difficult without other 
analytical tools. For example, the mfold predictions done for the HCV type la amplicon, 
as described in Example 8, resulted in 32 predicted structures. 

Efficient screening of the suboptimal structures can be accomplished by 
incorporating constraints derived from experimental data or phylogenetic analysis into 
the computer algorithm. The use of structure specific nucleases having well characterized 
specificity have an advantage that the site of cleavage can convey additional information 
based on the structural requirements for cleavage. This is illustrated here by discussion 
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of information potentially gained by cleavage with a 5' nuclease, CLEAVASE I nuclease, 
but the same deductive approach is equally applicable and useful for other structure- 
specific cleavage agents for which a substrate structure is well defined (i.e., it is known 
where in the structure the cleavage can occur). The specificity of CLEAVASE enzymes 
is such that cleavage occurs at the 5 f ends of hairpin duplexes, after the first base pair 
(Lyamichev et aL, supra). This means that any cleavage site identifies both a base that 
must be paired in the structure, and that the base to which it pairs must be downstream in 
the strand. This can expressed as follows: if there is a cleavage site at position i, then 
nucleotide i is base paired with nucleotide j where j>L Entering into mfold the 
parameters fiOT and 'p r-z+1 1-/-1 1 specifies that nucleotides / and i+1 should be 
basepaired to something (not to each other) and that i and i+1 can not be basepaired with 
nucleotides from 1 to M, respectively. This type of parameter can be considered a "soft" 
parameter because, while base pairing is required, the specific pairing partners of i and 
i+1 are left undefined, thereby allowing the suboptimal foldings generated using these 
parameters to predict multiple base-pairing partners of these nucleotides. This allows the 
use of existing constraint parameters without modification of the folding algorithm to 
predict only those structures that correlate with the cleavage data. If cleavage occurs at 
position i, then a series of structures can be calculated to explain it using the following 
constraints, T i 0 V (nucleotide i is forced to be base paired) and f p 1 0 i-V (prohibiting 
nucleotides from 1 to M to be base paired). For example, to generate structures that 
could be responsible for a major cleavage site at position 90 of HCVla DNA, folding of 
244 nt DNA fragment of HCVla (Figure 15) was done using mfold version 2.3 with 
constraints f f 90 0 V and 'p 1 0 89' predicting structure shown in Figure 16 A. It is 
important that this structure not only predicts a cleavage site at position 90, but also 
explains cleavages at positions 102-103, 161 and 173, making it a good candidate to 
represent actual base pairing in the DNA molecule. The structure shown in Figure 16A 
does not explain cleavage sites at positions 1 18-1 19 and 173. To reveal corresponding 
structures, the folding was done using constraints T 1 18 0 l f and 'p 1 0 1 17 1 (nucleotides 
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1-1 17 are not base paired and nucleotide 1 18 is base paired) with one of resulting 
structures shown in Figure 16B. Again this structure not only reasonably predicts 
cleavage site at position 1 17-1 18 but also shows how cleavage at position 123 may 
happen. The same two structures were identified in the development of the experiments 
described in Example 8, using manual comparison of the cleavage sites and the 32 
suboptimal folds. By either method, the knowledge of the structure specificity of the 5' 
nuclease made it possible to eliminate from consideration, all predicted structures that 
would require the cleavage sites to vary from the known substrate structure. This reduced 
the field of possible structures from 32 to 2. Use of additional enzymes, such as 3* 
nucleases, or duplex specific chemical agents, that can identify other positions that must 
be base-paired within a structure can further narrow the field. 

Among different baseparing partners predicted for nucleotide i, the one that is 
responsible for the CLEAVASE enzyme site at position i can be determined 
experimentally by using a combined deletion/mutation technique referred to as "PCR 
walking." The PCR walking technique is based on CFLP analysis of PCR subfragments 
that are shorter variants of the analyzed sequence, variants that include only nucleotides 
from 1 to the selected partner of nucleotide I For example, if the soft constraints cause 
mfold to predict that nucleotide 25 is paired with nucleotide 67, the PCR walk 
subfragments would include nucleotides 1 - 67. For each tested basepair, two 
subfragment variants are generated; one having a wild type sequence and another having 
the putative basepairing partner for nucleotide i {i.e., the 3 ! terminal nucleotide) 
substituted with a base that is not complementary to I In the example above, the base to 
be substituted would be at position 67. 

CFLP cleavage analysis is then performed on both of these subfragments. If the 
putative pairing partner does in fact basepair to i, then the wild type PCR subfragment 
would show cleavage immediately after i, but the substituted variant would show either a 
loss of cleavage, or a shifting of the cleavage site. If cleavage is the same in both 
subfragments, then i is pairing elsewhere; if cleavage at the original site is absent in both 
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fragments, then the original pairing partner was likely to have been in the region deleted 
to make the subfragments. Once basepairing partner y of nucleotide i is determined, this 
information can be used as a "hard" constraint in the mfold program, forcing nucleotides i 
and i+1 be basepaired with nucleotides j and y'-l. 

Similar procedure can be repeated for each cleavage site, thereby generating a set 
of CFLP-defmed constraints. Compatible constraints can be combined into groups so 
that each group would define an alternative structure of the molecule. 

This procedure was used to find alternative secondary structures of 244 nucleotide 
RT-PCR fragment of HCV lb 5'UTR region. Energy minimization folding of HCVlb 
fragment using the mfold program without constraints generated 29 structures, with 
difference in free energy between the two most stable structures of only 1.3%. Folding 
with soft constraints /90 0 T and 'p 90-91 1-89', dictated by the major cleavage site at 
position 90, produced 28 structures (the difference between two most stable structures 
being 1.4%), 17 of which predicted baseparing between nucleotides 90 and 135, 4 of 
which predicted basepairing between nucleotides 90 and 105, another 4 predicted a 90- 
184 basepair, 2 predicted a 90-229 basepair, and 1 predicted a 90-198 basepair PCR 
walking analysis showed that cleavage at position 90 can be explained by basepairing 
between nucleotides 90 and 135. Using this information as a "hard" constraint /90 135 
2* forces basepairing between nucleotides 90-91 and 134-135. Folding with this 
constraint resulted in 18 structures with difference in AG between optimal and suboptimal 
structures still only 1.4%. 

A similar study for a cleavage site at position 161 showed it to pair with 
nucleotide 205. The constraints for cleavage sites 90 and 161 are compatible, meaning 
that they do not result in mutually exclusive structures, and can be combined together. 
Running the folding program with both constraints generated 13 structures and increased 
the discrimination between the two most stable structures to 3.4%. This process was 
continued by adding two new constraints for cleavage sites at positions 33 and 173, 
decreasing the number of predicted structures to 10, and increasing the difference in free 
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energy between the optimal and first suboptimal structures to 7.2%, increasing the 
certainly that the optimal structure is likely to be form by the molecule. 

In summary, the present invention provide a stepwise process for the analysis of 
nucleic acid structure without the use of the expensive and time consuming traditional 

5 techniques such as crystallography and nuclear magnetic resonance. In preferred 

embodiments, this process comprises the steps of: a) performing CFLP analysis to 
identify nucleotides that are basepaired on the 5' sides of stems; b) using this partial 
basepair information as a "soft constraint" in a fold-prediction program such as mfold to 
produce schematic diagrams (or other suitable output) of possible folded conformations 

10 that are consistent with the CFLP data; c) using PCR deletion and directed mutagenesis to 

confirm the identities of the nucleotides on the 3' sides of stems, to which the 5 f side 
nucleotides are hydrogen bonded; and d) using this full basepair information as a "hard 
constraint" in the fold-prediction program to produce a highly refined set of predicted 
structures. Depending on the complexity of the data generated at each step, one or more 

15 of steps (a) through (d) may be omitted in any particular application. As noted above, a 

number of physical analytical methods may be combined with a number of secondary 
structure prediction algorithms to perform this type of analysis; the use of CFLP cleavage 
method in conjunction with the mfold software is discussed here as a convenient example 
and is not presented as a limitation on the scope of the present invention. The structure 

20 information gained in this process may be used not only is design of the structure probes 

of the present invention, but also in the improvement of CFLP, SSCP, and like mutation 
detection methods, and in the improvement of many hybridization-based methods that 
suffer as a consequence of target strand-structure interference, including but not limited to 
the polymerase chain reaction, dideoxynucleotide-chain termination sequencing, 

25 sequencing by hybridization, and other chip hybridization methods, ribozyme nucleic 

acid cleavage, and antisense manipulation of gene expression in vivo. 

In addition to the structural mapping methods described above, there are several 
methods based on the actions of polymerizing enzymes that may be used to gain 
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structural information. It has long been observed that reverse transcriptases can have 
difficulty polymerizing through RNA secondary structures. For this reason, reverse 
transcriptases that can be used at high temperatures have been sought (Myers et al, 
Biochem., 30:7661 [1991]), in order to facilitate full-length reverse transcription before 
5 cloning or PCR amplification. By intentionally using polymerases that produce such 

pausing effects, structures formed in a template strand may be mapped by the location of 
the pause sites (e.g., by extension of a labeled primer). 

Another approach based on the use of DNA polymerases takes advantage of the 
observation that some DNA polymerases, upon encountering a fold in the template 
10 strand, will apparently polymerize across a structure by a mechanism that has been 

termed "strand switching," thereby deleting the complement of the structured 
intermediate sequence. Though an understanding of the mechanism of strand switching 
is not necessary in order to practice the present invention, it is believed that strand 
switching involves some degree of displacement synthesis, such that a small portion of a 
15 sequence (even to the level of one base), is duplicated, followed by a branch migration 

that pairs the 3 f end of the elongated strand with sequences on the far side of the template 
structure (Patel et al, Proc. Natl. Acad. Sci. USA 93:2969 [1996]). This mechanism can 
be used for structure mapping in at least two ways. For example, if the 3' side of a 
structure has been mapped using a 3 ! nuclease in a CFLP reaction, as discussed above, a 
20 primer may be designed such that the 3' end of the primer is poised to polymerize either 

along or across the structure-forming region. In addition to its template complementary 
sequence, the primer may be supplied with one or a few degenerate nucleotides (e.g., two 
or more nucleotides at the same position on different copies of the primer) on the 3 f end, 
to provide opportunity for strand switching, regardless of the downstream sequence. The 
25 primer may then be extended under conditions favoring strand switching (Patel et al, 

supra). The isolation (e.g., by cloning and sequencing) of such sites should identify the 
sequences that are coming together to form the folded structures, thus facilitating bridge 
oligonucleotide design. A second approach is similar, but without the use of primers 
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adjacent to any particular putative structure. In this embodiment, a strand to be analyzed 
is primed using a normal primer, and synthesis is carried out in the same or similar strand 
switch favoring conditions. The use of conditions that favor base misincorporation (e.g., 
by the use of manganese in the synthesis reactions), and therefore promote pausing of the 

5 polymerase, would provide additional opportunity for branch migration and strand 

switching. The analysis of the junction sites would then follow as with the first approach. 
By these methods, both sides of a cleavage structure could be identified. It is also 
expected that alternative pairing partners for various sequences would be represented in 
the collection of molecules created. 

10 To distinguish between related nucleic acids, the regions that show different sites 

of cleavage or modification have the highest probability of having secondary structures 
that will respond differently to probes in the methods of the present invention. This is for 
two reasons. First, the cleavage or modification is physical evidence that a structure may 
form at a given site under the conditions of the cleavage or modification assay. Second, 

15 the structures that are detected by the CFLP method have been found to be predominantly 

local (i.e., formed from sequences that are close to each other along the nucleic acid 
strand, Brow et ai, supra), so that changes observed are likely to be caused by base 
changes near the altered cleavage site. By designing oligonucleotide probes to hybridize 
or complex with the regions showing different sites of cleavage or modification there is a 

20 higher probability of finding either a base change (primary structure variation) or a 

folding change (secondary structure variation) that will affect the complexing of the 
probe to that site, thus facilitating the distinction between the comparison targets. 
Because of the complex nature of the folded structure formation as described above and 
because any given probe may interact with the target in a number of ways, choosing a 

25 probe in this way is not a guarantee that any particular probe will provide a diagnostic 

distinction. This is offered as a guide to increase the probability that it will. When 
working with an uncharacterized target or set of targets, the use of a multiplicity of such 
probes will give the most distinctive signature of probe/target complex formation. 
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In one embodiment, it is preferred that the probes used in the methods of the 
present invention be short enough to provide distinctive hybridization signatures for 
variants of a target. Probes longer than about 20 nt (e.g., 20 to 40 nt) can interact with 
target nucleic acids in a specific manner at elevated temperatures (e.g., higher than about 
40°C) and thus are suitable for use in the present methods. However, probes in this size 
range may interact with multiple sites on the target if the reaction is performed below 
about 40°C, reducing the distinction between variants. If this is the case, higher reaction 
temperatures or more stringent solution conditions (e.g., lower salt, the inclusion of helix- 
destabilizing agents such as dimethyl sulfoxide or formamide) may prove useful in 
enhancing the distinction between targets. In a particularly preferred embodiment, the 
method of the present invention is performed at ambient temperatures (e.g., 20 to 25°C). 
When the assay is performed at room temperature, small probes with T m s of 40°C or less 
(e.g., 10 to 20 nt) can provide the discrimination necessary, as shown in the examples 
below. Probes in this size range are also less likely to fold on themselves under the 
reaction conditions, an effect that would reduce the binding efficacy of a probe without 
regard to the structure of the target. 

As stated above, the capture probe may interact with the target in any number of 
ways. For example, in another embodiment, the capture probes may contact more than 
one region of the target nucleic acid. When the target nucleic acid is folded as described, 
two or more of the regions that remain single stranded may be sufficiently proximal to 
allow contact with a single capture probe. The capture oligonucleotide in such a 
configuration is referred to herein as a "bridge" or "bridging" oligonucleotide, to reflect 
the fact that it may interact with distal regions within the target nucleic acid. The use of 
the terms "bridge" and "bridging" is not intended to limit these distal interactions to any 
particular type of interaction. It is contemplated that these interactions may include non- 
canonical nucleic acid interactions known in the art, such as G-T base pairs, Hoogstein 
interactions, triplex structures, quadraplex aggregates, and the multibase hydrogen 
bonding such as is observed within nucleic acid tertiary structures, such as those found in 
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tRNAs. The terms are also not intended to indicate any particular spatial orientation of 
the regions of interaction on the target strand, i.e., it is not intended that the order of the 
contact regions in a bridge oligonucleotide be required to be in the same sequential order 
as the corresponding contact regions in the target strand. The order may be inverted or 

5 otherwise shuffled. 

It is known that synthetic oligonucleotides can be hybridized to non-contiguous 
sequences in both RNA and DNA strands, in a manner that either causes the intervening 
sequence to loop out, or that bridges the base of an internal folded structure (Richardson 
et ai 9 J. Am. Chem. Soc, 113:5109 [1991]; Francois et al t Nucl. Acid. Res., 22: 3943 

10 [1994]). However, these references do not suggest the design or use of bridging 

oligonucleotides that can distinguish between the different folded structures, or that bind 
with significantly reduced efficiency when the intervening sequence is unstructured. The 
present invention provides methods for the use and design of bridge capture probes with 
minimally stable regions of complementarity to make these bridge probes sensitive to 

1 5 changes in the target strand structure. Minimal stability {i.e., with a very low melting 

temperature), may be created in a number of ways, including by the use of short lengths 
of complementarity, low G-C basepair content, and/or the use of base analogs or 
mismatches to reduce the melting temperature. To test the effects of variations in the 
target structure on the efficiency of capture with different lengths of bridge probes, three 

20 test molecules were created; these are shown in schematic representation in Figure 10. 

Test molecule #80 (SEQ ID NO:39) has a long segment of self complementarity and 
when folded as shown, the 8 basepair hairpin formed by this oligonucleotide is further 
stabilized by a "tri-loop" sequence in the loop end (i.e., three nucleotides form the loop 
portion of the hairpin) (Hiraro et al, Nucleic Acids Res. 22(4):576 [1994]). In test 

25 molecule #81 (SEQ ID NO:40), the stem is interrupted by 2 mismatches to form a less 

stable structure, and the region of self-complementarity is entirely removed in test 
molecule #82 (SEQ ID NO:41). All three of these molecules have identical target regions 
for the binding of the capture oligonucleotides, and an examination of their use is 
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described in Example 6. 

When a bridging oligonucleotide contacts sequences on either side of a basepaired 
stem, the structure formed is termed a three-way or three-arm junction. Such junctions 
have been studied extensively to determine their physical structure and to assess the 

5 differences that occur in the physical structure when additional nucleotides are included 

in these structures. When extra nucleotides are included at the junction site, where the 
three strands come together (i.e., when a bulged' structure is formed), it has been shown 
that the structure is more flexible and that some degree of coaxial stacking between the 
arms stabilized the structure compared to the unbulged structure (See e.g., Zhong et ai, 

10 Biochem., 32:6898 [1993]; and Yang et al t Biochem., 35:7959 [1996]). The inclusion of 

two thymidine nucleotides in the portion of the probe that forms the junction is 
particularly preferred. 

There are a number of approaches that may be used in the design or selection of 
bridging capture probes. As noted above, the term "capture probes" is not intended to 

15 limit the application of the bridging probes of the present invention to the capture of a 

target strand onto a solid support. Additional applications of the bridging probes are 
described in the Experimental Examples, below. Furthermore, for simplicity of 
discussion and to avoid repetition, this section describes one embodiment of the present 
invention, namely a process for creating bridge oligonucleotides that interact with only 

20 two regions of a target nucleic acid. It is not intended, however, that the invention be 

limited to the use of oligonucleotides that have only two sites of interaction. It is 
contemplated that bridge oligonucleotides may be created that can interact with many 
sites on a folded target molecule. 

Bridge oligonucleotides may be created by the joining two or more short 

25 oligonucleotide sequences. The creation of bridge oligonucleotides may be based upon 

observations that these sequences have been determined to interact with a given folded 
target when used in isolation, without limitation to any particular nature of interaction, or 
they may be deduced to be capable of such interaction by virtue of sequence composition, 
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complementarity, or like analysis. For convenience, such sequences are termed herein 
"contact sequences," to reflect the putative ability of such a sequence to contact the target 
molecule. The designation of a particular sequence as a contact sequence is not intended 
to imply that the sequence is in contact, or is required to contact a target in any particular 
5 embodiment. 

In alternative embodiments, contact sequences may be joined by synthesizing or 
otherwise creating a new oligonucleotide that incorporates both sequences into a single 
molecule. In one embodiment, the sequences are joined contiguously within the bridge 
oligonucleotide (i.e. f without any intervening nucleotides or other space- filling material). 

10 In another embodiment, the contact sequences are non-contiguous, with the spacing 

provided by additional nucleotides. In a preferred embodiment, the contact sequences are 
bridged by two thymidine nucleotides, as depicted in several of the bridging probes in 
Figure 1 1 A. In another preferred embodiment, the contact sequences in the bridging 
oligonucleotide are connected by a segment of nucleic acid containing a region of self- 

15 complementarity, such that the bridging oligonucleotide itself contains a folded structure. 

A stem-loop folded structure within the bridge oligonucleotide, if situated opposite a 
stem in the target nucleic acid, would permit the formation of a four-way Holliday 
structure, which is stabilized by coaxial stacking of the arms (Duckett et al, Cell 55:79 
[1988]). 

20 Alternatively, the bridge oligonucleotide may be created by linking the individual 

sequences with non-nucleotide spacers such as those commonly known in the art, such as 
d-spacers (Glen Research Corp. (Sterling, VA), or other chemical chains, such as 
polyethers (Cload and Shephartz, J. Am. Chem. Soc, 113:6324[1991]). 

Contact sequences may also be linked to form the bridge probes post 
25 synthetically, by enzymatic (e.g., ligation) or by chemical interaction to produce either 

covalent (e.g., cross-linked) or non-covalent bonds (e.g., affinity bonds such as formed in 
an antigen-antibody interaction). 

The formation of the complexes between the probes and the targets may be 
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performed using a wide variety of solution conditions. Conditions considered to be "low 
stringency" have been well defined in the areas of hybridization to filters and membranes 
(Sambrook et al, Molecular Cloning: A Laboratory Manual, 2nd ed. Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, NY [1989]) and to other solid supports, such as 
silicon or glass wafers, chips or slides (Maskos and Southern, Nucl. Acids Res., 20:1675 
[1992]). It is contemplated that the formation of the complexes may be done in solution, 
before the binding of either the target or the probe to a solid support, or it may be done 
after one of the molecules has been bound to the support. It is recognized, and considered 
to be within the scope of the invention, that the kinetics and mechanics of complex 
formation may differ depending on whether complex formation is performed in solution 
or on a solid support. However, as long as complexes can be made to form at detectable 
levels, a set of conditions is considered appropriate for use in the present methods. 

It is further contemplated that the complexes may be formed on nucleic acids that 
have not been isolated from a sample source, such as in live cells (in vivo) or in tissue 
samples (in situ). It is also contemplated that a nucleic acid found within a cell may be 
native to that cell, or may be transferred into the cell (e.g., by viral infection, by 
laboratory-induced transfection, or by in vivo transcription from an introduced nucleic 
acid). The methods of the present invention as applied to nucleic acids within cells are 
not limited to nucleic acids of any particular origin or cell type. 

A number of solid supports known in the art are contemplated for use with the 
methods of the present invention. In the examples below, a 96-well micro titer plate is 
used as a support medium. The method may also be applied to other supports nucleic 
acid commonly used for nucleic acid analyses, including but not limited to beads, 
particles, membranes, filters, dipsticks, slides, plates and microchips. Such supports may 
be composed of a number of materials known to be compatible with nucleic acids 
analyses, including but not limited to agarose, styrene, nylon, glass and silicon. 

Individual complex formation (i.e., assessing a single target with a single probe) 
may be sufficiently informative for some applications. In other applications, it may be 
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desirable to use a number of probes against a single target. For a large number of probes, 
it may be useful to use an array format, in which a large number of probes are bound to a 
surface in an ordered pattern. Means for creating such arrays on surfaces such as glass 
slides and microchips are known in the art (Southern et al. 9 Genomics 13:1008 [1992]; 
5 Chee et aL, Science 274:610 [1996]; and Foder et aL, Science 251 :767 [1991]; and U.S. 

Patent Nos. 5,436,327 to Southern et aL, 5,429,807 to Matson et aL and 5,599,695 to 
Pease et aL, all of which are herein incorporated by reference). 

A. Use of Bridging Oligonucleotides in Catalyzed Reactions 

10 As discussed above, it is contemplated that any catalyzed reaction that is 

specifically operative on a duplex formed between a target nucleic acid and a 
substantially complementary probe may be configured to perform on the bridging 
probe/folded target complex. Examples demonstrating the use of bridging probes in 
primer extension, ligation and structure-specific nuclease cleavage are provided below. 

15 Primer extension reactions and ligation reactions are well known in the art and the basic 

method for performing these reactions are published (See e.g., Sambrook et aL, supra), as 
well as often being provided by the manufactures of the enzymes. The INVADER 
invasive cleavage reaction is based on the use of a structure-specific nuclease that is used 
to cleave oligonucleotide probes once they hybridize to a target nucleic acid. The nature 

20 of the reaction allows the cleavage of many copies of the probe oligonucleotide for each 

copy of the target nucleic acid. Complete descriptions of the technology and its variables 
are included in PCT Publications WO 97/27214 and WO 98/05809 and U.S. Patent Nos. 
5,846,717, 6,001,567, 5,985,557, 6,090,543 and 5,994,069, all of which are herein 
incorporated by reference. Briefly, The INVADER assay is a method for detecting a 

25 specific target sequence within a nucleic acid mixture. The assay depends on the 

coordinate actions of at least two synthetic oligonucleotides, together constituting a probe 
system, and a structure-specific nuclease. The oligonucleotides of the probe system may 
be referred to as the signal oligonucleotide and the INVADER oligonucleotide. By the 
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extent of their substantial complementarity to the target strand, each of these 
oligonucleotides defines a specific region of the target strand. These regions should be 
oriented such that when the probe system is hybridized to the target strand, the 
INVADER oligonucleotide is upstream of the signal oligonucleotide and such that the 
5 INVADER oligonucleotide sequence either overlaps with the probe oligonucleotide 

sequence by at least one nucleotide (i.e., the two regions of the target nucleic acid defined 
by the oligonucleotides of the probe system share at least one nucleotide), or, when there 
is no overlap, the two target regions defined by the oligonucleotides must abut, and the 3' 
terminus of the INVADER oligonucleotide preferably has a single additional nucleotide 

10 that is not complementary to the target strand at that site. 

The nuclease recognizes the structure formed by hybridization of the probe 
system to the specific target nucleic acid and cleaves the signal oligonucleotide, the 
precise site of cleavage being dependent on the amount of its overlap with the INVADER 
oligonucleotide. If the reaction is run such that the structure can partially disassemble to 

15 allow cleaved signal oligonucleotide to be replaced by intact signal oligonucleotide (e.g., 

performed at an elevated temperature to promote rapid dissociation and association of 
signal probes), then multiple probes may be cleaved for each copy of the target nucleic 
acid, the amount of target present then being calculable from the rate of product 
accumulation and the time of incubation. 

20 The nucleases of the INVADER assay include any nuclease capable of 

specifically recognizing the structure defined above, and cleaving within the signal 
oligonucleotide, thereby creating cleavage products. Such nucleases include, but are not 
limited to the 5' nucleases associated with eubacterial DNA polymerases, and the DNA 
repair-associated nucleases of the FEN1, RAD2 and XPG classes. 

25 The oligonucleotides of the INVADER probe system may comprise DNA, RNA, 

PNA and combinations thereof, as well as modified nucleotides, universal bases, adducts, 
etc. They may be either fully or partially complementary to their cognate target 
sequences. In addition, they may be labeled or unlabeled. 



-103- 



Detection may be by analysis of cleavage products or by analysis of remaining 
uncleaved signal probe. Detection of the cleavage products may be through release of a 
label. Such labels comprise: dyes; radiolabels such as 32 P; binding moieties such as 
biotin; haptens such as digoxgenin; luminogenic, phosphorescent or fluorogenic moieties; 
5 fluorescent dyes alone or in combination with moieties that can suppress or shift emission 

spectra by fluorescence resonance energy transfer (FRET). 

Cleavage products may be analyzed by physical separation (e.g., by 
electrophoresis, hybridization or by selective binding to a support) or without physical 
separation (e.g., by changes in fluorescence in FRET-based analysis, or by change in 
10 rotation rate in solution in fluorescence polarization analysis). 

Cleavage products can be used subsequently in any reaction or read-out method 
that can make use of oligonucleotides. Such reactions include enzyme dependent 
modification reaction, such as ligation, tailing with a template-independent nucleic acid 
polymerase and primer extension with a template-dependent nucleic acid polymerase. 
15 The modification of the products may serve to add one or more labels or binding 

moieties, to alter mass, to add specific sequences, or to otherwise facilitate specific 
analysis of the cleavage products. 

Cleavage product may be used to complete a functional structure, such as a 
competent promoter for in vitro transcription or other protein binding site. The 
20 oligonucleotide product may also be used to complete a cleavage structure to enable a 

subsequent invasive cleavage reaction, the product of which may be detected or used by 
any of the methods described above, including the participation in further invasive 
cleavage reactions. 

It is envisioned that any or all of the oligonucleotide probes used in the 
25 INVADER assay may be made to contact non-contiguous sequences in the target strand. 

In the Examples below, the upstream INVADER oligonucleotide is made to bridge a 
structure, thus directing the cleavage of a non-bridging probe. 

Specific applications of the structure probing methods of the present invention are 
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described below. 

B. Detection and Identification of Pathogens 
Using the Structure Probing Method 

5 

1. Detection and Identification of 

Multi-Drug Resistant M. tuberculosis 
In the past decade there has been a tremendous resurgence in the incidence of 
tuberculosis in this country and throughout the world. In the United States, the incidence 

10 of tuberculosis has risen steadily during past decade, accounting for 2000 deaths 

annually, with as many as 10 million Americans infected with the disease. The situation 
is critical in New York City, where the incidence has more than doubled in the past 
decade, accounting for 14% of all new cases in the United States in 1990 (Frieden et a/., 
New Engl. J. Med., 328:521 [1993]). 

1 5 The crisis in New York City is particularly dire because a significant proportion 

(as many as one-third) of the recent cases are resistant to one or more anti-tuberculosis 
drugs (Frieden et al t supra and Hughes, Scrip Magazine May [1994]). Multi-drug 
resistant tuberculosis (MDR-TB) is an iatrogenic disease that arises from incomplete 
treatment of a primary infection (Jacobs, Jr., Clin. Infect. Dis., 19:1 [1994]). MDR-TB 

20 appears to pose an especially serious risk to the immunocompromised, who are more 

likely to be infected with MDR-TB strains than are otherwise healthy individuals [Jacobs, 
Jr., supra]. The mortality rate of MDR-TB in immunocompromised individuals is 
alarmingly high, often exceeding 90%, compared to a mortality rate of <50% in otherwise 
uncompromised individuals (Donnabella et al, Am. J. Respir. Dis., 11:639 [1994]). 

25 From a clinical standpoint, tuberculosis has always been difficult to diagnose 

because of the extremely long generation time of Mycobacterium tuberculosis as well as 
the environmental prevalence of other, faster growing mycobacterial species. The 
doubling time of M tuberculosis is 20-24 hours, and growth by conventional methods 
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typically requires 4 to 6 weeks to positively identify M. tuberculosis (Jacobs, Jr. et ai, 
Science 260:819 [1993] and Shinnick and Jones in Tuberculosis: Pathogenesis, 
Protection and Control, Bloom, ed., American Society of Microbiology, Washington, 
D.C. [1994], pp. 517-530). It can take an additional 3 to 6 weeks to diagnose the drug 

5 susceptibility of a given strain (Shinnick and Jones, supra). Needless to say, the health 

risks to the infected individual, as well as to the public, during a protracted period in 
which the patient may or may not be symptomatic, but is almost certainly contagious, are 
considerable. Once a drug resistance profile has been elucidated and a diagnosis made, 
treatment of a single patient can cost up to $250,000 and require 24 months. 

10 The recent explosion in the incidence of the disease, together with the dire risks 

posed by MDR strains, have combined to spur a burst of research activity and 
commercial development of procedures and products aimed at accelerating the detection 
of M. tuberculosis as well the elucidation of drug resistance profiles of M. tuberculosis 
clinical isolates. A number of these methods are devoted primarily to the task of 

1 5 determining whether a given strain is M tuberculosis or a mycobacterial species other 

than tuberculosis. Both culture based methods and nucleic-acid based methods have been 
developed that allow M tuberculosis to be positively identified more rapidly than by 
classical methods: detection times have been reduced from greater than 6 weeks to as 
little as two weeks (culture-based methods) or two days (nucleic acid-based methods). 

20 While culture-based methods are currently in wide-spread use in clinical laboratories, a 

number of rapid nucleic acid-based methods that can be applied directly to clinical 
samples are under development. For all of the techniques described below, it is necessary 
to first "decontaminate" the clinical samples, such as sputum (usually done by 
pretreatment with N-acetyl L-cysteine and NaOH) to reduce contamination by 

25 non-mycobacterial species (Shinnick and Jones, supra). 

The polymerase chain reaction (PCR) has been applied to the detection of M 
tuberculosis and can be used to detect its presence directly from clinical specimens within 
one to two days. The more sensitive techniques rely on a two-step procedure: the first 
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step is the PCR amplification itself, the second is an analytical step such as hybridization 
of the amplicon to a M. tuberculosis-specific oligonucleotide probe, or analysis by RFLP 
or DNA sequencing (Shinnick and Jones, supra). 

The Amplified M tuberculosis Direct Test (AMTDT; Gen-Probe) relies on 
Transcription Mediated Amplification (TMA; essentially a self-sustained sequence 
reaction [3SR] amplification) to amplify target rRNA sequences directly from clinical 
specimens. Once the rRNA has been amplified, it is then detected by a dye-labeled assay 
such as the PACE2. This assay is highly subject to inhibition by substances present in 
clinical samples. 

The Cycling Probe Reaction (CPR; ID Biomedical). This technique, which is 
under development as a diagnostic tool for detecting the presence of M tuberculosis, 
measures the accumulation of signal probe molecules. The signal amplification is 
accomplished by hybridizing tripartite DNA-RNA-DNA probes to target nucleic acids, 
such as M tuberculosis-specific sequences. Upon the addition of RNAse H, the RNA 
portion of the chimerical probe is degraded, releasing the DNA portions, which 
accumulate linearly over time to indicate that the target sequence is present (Yule, 
Bio/Technol., 12:1335 [1994]). The need to use RNA probes is a drawback, particularly 
for use in crude clinical samples, where RNase contamination is often rampant. 

The above nucleic acid-based detection and differentiation methods offer a clear 
time savings over the more traditional, culture-based methods. While they are beginning 
to enter the clinical setting, their usefulness in the routine diagnosis of M. tuberculosis is 
still in question, in large part because of problems with associated with 
cross-contamination and low-sensitivity relative to culture-based methods. In addition, 
many of these procedures are limited to analysis of respiratory specimens (Yule, supra). 

i) Determination Of The Antibiotic Resistance Profile Of M. tuberculosis 
a) Culture-based methods: Once a positive identification of M 
tuberculosis has been made, it is necessary to characterize the extent and nature of the 
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strain's resistance to antibiotics. The traditional method used to determine antibiotic 
resistance is the direct proportion agar dilution method, in which dilutions of culture are 
plated on media containing antibiotics and on control media without antibiotics. This 
method typically adds an additional 2-6 weeks to the time required for diagnosis and 
characterization of an unknown clinical sample (Jacobs, Jr., supra). 

The Luciferase Reporter Mycobacteriophage (LRM) assay was first described in 
1993 (Jacobs, Jr. et al [1993], supra). In this assay, a mycobacteriophage containing a 
cloned copy of the luciferase gene is used to infect mycobacterial cultures. In the 
presence of luciferin and ATP, the expressed luciferase produces photons, easily 
distinguishable by eye or by a luminometer, allowing a precise determination of the 
extent of mycobacterial growth in the presence of antibiotics. Once sufficient culture has 
been obtained (usually 10-14 days post-inoculation), the assay can be completed in 2 
days. This method suffers from the fact that the LRM are not specific for M 
tuberculosis: they also infect M smegmatis and M. bovis (e.g., BCG), thereby 
complicating the interpretation of positive results. Discrimination between the two 
species must be accomplished by growth on specialized media that does not support the 
growth of M. tuberculosis {e.g., NAP media). This confirmation requires another 2 to 4 
days. 

The above culture-based methods for determining antibiotic resistance will 
continue to play a role in assessing the effectiveness of putative new anti-mycobacterial 
agents and those drugs for which a genetic target has not yet been identified. However, 
recent success in elucidating the molecular basis for resistance to a number of 
anti-mycobacterial agents, including many of the front-line drugs, has made possible the 
use of much faster, more accurate and more informative DNA polymorphism-based 
assays. 

b) DNA-based methods: Genetic loci involved in resistance to 
isoniazid, rifampin, streptomycin, fluoroquinolones, and ethionamide have been 
identified (Jacobs, Jr., supra; Heym et al, Lancet 344:293 [1994]; and Morris et al, J. 
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Infect. Dis., 171:954 [1995]. A combination of isoniazid (inh) and rifampin (rif) along 
with pyrazinamide and ethambutol or streptomycin, is routinely used as the first line of 
attack against confirmed cases of M. tuberculosis (Banerjee et aL, Science 263:227 
[1994]). Consequently, resistance to one or more of these drugs can have disastrous 
5 implications for short course chemotherapy treatment. The increasing incidence of such 

resistant strains necessitates the development of rapid assays to detect them and thereby 
reduce the expense and community health hazards of pursuing ineffective, and possibly 
detrimental, treatments. The identification of some of the genetic loci involved in drug 
resistance has facilitated the adoption of mutation detection technologies for rapid 
10 screening of nucleotide changes that result in drug resistance. The availability of 

amplification procedures such as PCR and SDA, which have been successful in 
replicating large amounts of target DNA directly from clinical specimens, makes 
DNA-based approaches to antibiotic profiling far more rapid than conventional, 
culture-based methods. 

15 The most widely employed techniques in the genetic identification of mutations 

leading to drug resistance are DNA sequencing, Restriction Fragment Length 
Polymorphism (RFLP), PCR-Single Stranded Conformational Polymorphism 
(PCR-SSCP), and PCR-dideoxyfingerprinting (PCR-ddF). All of these techniques have 
drawbacks as discussed above. None of them offers a rapid, reproducible means of 

20 precisely and uniquely identifying individual alleles. 

In contrast, the structure probing methods of the present invention provide an 
approach that relies on interactions of oligonucleotide probes with the target nucleic acid 
on the primary, secondary and tertiary structure level. This method requires a fraction of 
the time, skill and expense of the techniques described above, and can be performed using 

25 instrumentation commonly found in the clinical lab (e.g., a microtiter plate reader). 

The application of this method to the detection of MDR-TB is illustrated herein 
using segments of DNA amplified from katG gene. Other genes associated with 
MDR-TB, including but not limited to those involved in conferring resistance to isoniazid 
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(inhA), streptomycin (rpsL and rrs), and fluoroquinoline (gyrA), are equally well suited 
to the structure probing assay of the present invention. 

2. Detection and Identification of Hepatitis C Virus 

Hepatitis C virus (HCV) infection is the predominant cause of post-transfusion 
non-A, non-B (NANB) hepatitis around the world. In addition, HCV is the major 
etiologic agent of hepatocellular carcinoma (HCC) and chronic liver disease world wide. 
HCV infection is transmitted primarily to blood transfusion recipients and intravenous 
drug users although maternal transmission to offspring and transmission to recipients of 
organ transplants have been reported. 

The genome of the positive-stranded RNA hepatitis C virus comprises several 
regions including 5' and 3' noncoding regions (z.e., 5' and 3 f untranslated regions) and a 
polyprotein coding region that encodes the core protein (C), two envelope glycoproteins 
(El and E2/NS1) and six nonstructural glycoproteins (NS2-NS5b). Molecular biological 
analysis of the small (9.4 kb) RNA genome has showed that some regions of the genome 
are very highly conserved between isolates, while other regions are fairly rapidly 
changeable. The 5 ! noncoding region (NCR) is the most highly conserved region in the 
HCV. These analyses have allowed these viruses to be divided into six basic genotype 
groups, and then further classified into over a dozen sub-types (the nomenclature and 
division of HCV genotypes is evolving; See Altamirano et al. 9 J. Infect. Dis., 171:1034 
[1995] for a recent classification scheme). These viral groups are associated with 
different geographical areas, and accurate identification of the agent in outbreaks is 
important in monitoring the disease. While only Group 1 HCV has been observed in the 
United States, multiple HCV genotypes have been observed in both Europe and Japan. 
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The ability to determine the genotype of viral isolates also allows comparisons of 
the clinical outcomes from infection by the different types of HCV, and from infection by 
multiple types in a single individual. HCV type has also been associated with differential 
efficacy of treatment with interferon, with Group 1 infected individuals showing little 
5 response (Kanai et ai 9 Lancet 339:1543 [1992] and Yoshioka et aL 9 Hepatol., 16:293 

[1992]). Pre-screening of infected individuals for the viral type will allow the clinician to 
make a more accurate diagnosis, and to avoid costly but fruitless drug treatment. 

Existing methods for determining the genotype of HCV isolates include 
traditional serotyping, PCR amplification of segments of the HCV genome coupled with 

10 either DNA sequencing or hybridization to HCV-specific probes and RFLP analysis of 

PCR amplified HCV DNA. All of these methods suffer from the limitations discussed 
above (i.e., DNA sequencing is too labor-intensive and expensive to be practical in 
clinical laboratory settings; RFLP analysis suffers from low sensitivity). 

Universal and genotype specific primers have been designed for the amplification 

15 of HCV sequences from RNA extracted from plasma or serum (Okamoto et ai, J. Gen. 

Virol., 73:673 [1992]; Yoshioka et ai 9 Hepatol., 16:293 [1992] and Altamirano et al, 
supra). These primers can be used to generate PCR products that serve as substrates in 
the structure probing assay of the present invention. As shown herein, the structure 
probing assay provides a rapid and accurate method of typing HCV isolates. The 

20 structure probing analysis of HCV substrates allows a distinction to be made between the 

major genotypes and subtypes of HCV thus providing improved methods for the 
genotyping of HCV isolates. 

3. Detection and Identification of Bacterial Pathogens 

25 Identification and typing of bacterial pathogens is critical in the clinical 

management of infectious diseases. Precise identity of a microbe is used not only to 
differentiate a disease state from a healthy state, but is also fundamental to determining 
whether and which antibiotics or other antimicrobial therapies are most suitable for 
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treatment. Traditional methods of pathogen typing have used a variety of phenotypic 
features, including growth characteristics, color, cell or colony morphology, antibiotic 
susceptibility, staining, smell and reactivity with specific antibodies to identify bacteria. 
All of these methods require culture of the suspected pathogen, which suffers from a 
5 number of serious shortcomings, including high material and labor costs, danger of 

worker exposure, false positives due to mishandling and false negatives due to low 
numbers of viable cells or due to the fastidious culture requirements of many pathogens. 
In addition, culture methods require a relatively long time to achieve diagnosis, and 
because of the potentially life-threatening nature of such infections, antimicrobial therapy 

10 is often started before the results can be obtained. In many cases the pathogens are very 

similar to the organisms that make up the normal flora, and may be indistinguishable 
from the innocuous strains by the methods cited above. In these cases, determination of 
the presence of the pathogenic strain may require the higher resolution afforded by more 
recently developed molecular typing methods. 

15 A number of methods of examining the genetic material from organisms of 

interest have been developed. One way of performing this type of analysis is by 
hybridization of species-specific nucleic acid probes to the DNA or RNA from the 
organism to be tested. This is done by immobilizing the denatured nucleic acid to be 
tested on a membrane support, and probing with labeled nucleic acids that will bind only 

20 in the presence of the DNA or RNA from the pathogen. In this way, pathogens can be 

identified. Organisms can be further differentiated by using the RFLP method described 
above, in which the genomic DNA is digested with one or more restriction enzymes 
before electrophoretic separation and transfer to a nitrocellulose or nylon membrane 
support. Probing with the species-specific nucleic acid probes will reveal a banding 

25 pattern that, if it shows variation between isolates, can be used as a reproducible way of 

discriminating between strains. However, these methods are susceptible to the drawbacks 
outlined above: assays based on sequence-specific hybridization to complex (i.e., whole 
genome) targets are time-consuming and may give false or misleading results if the 
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stringency of the hybridization is not well controlled, and RFLP identification is 
dependent on the presence of suitable restriction sites in the DNA to be analyzed. 

To address these concerns about hybridization and RFLP as diagnostic tools, 
several methods of molecular analysis based on polymerase chain reaction (PCR) 
amplification have gained popularity. In one well-accepted method, called PCR 
fingerprinting, the size of a fragment generated by PCR is used as an identifier. In this 
type of assay, the primers are targeted to regions containing variable numbers of tandem 
repeated sequences (referred to as VNTRs an eukaryotes). The number of repeats, and 
thus the length of the PCR amplicon, can be characteristic of a given pathogen, and 
co-amplification of several of these loci in a single reaction can create specific and 
reproducible fingerprints, allowing discrimination between closely related species. 

In some cases where organisms are very closely related, however, the target of the 
amplification does not display a size difference, and the amplified segment must be 
further probed to achieve more precise identification. This may be done on a solid 
support, in a fashion analogous to the whole-genome hybridization described above, but 
this has the same problem with variable stringency as that assay. Alternatively, the 
interior of the PCR fragment may be used as a template for a sequence-specific ligation 
event. As outlined above for the LCR, in this method, single stranded probes to be 
ligated are positioned along the sequence of interest on either side of an identifying 
polymorphism, so that the success or failure of the ligation will indicate the presence or 
absence of a specific nucleotide sequence at that site. With either hybridization or 
ligation methods of PCR product analysis, knowledge of the precise sequence in the area 
of probe binding must be obtained in advance, and differences outside the probe binding 
area are not detected. These methods are poorly suited to the examination and typing of 
new isolates that have not been fully characterized. 

In the methods of the present invention, primers that recognize conserved regions 
of bacterial ribosomal RNA genes allow amplification of segments of these genes that 
include sites of variation. The variations in ribosomal gene sequences have become an 
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accepted method not only of differentiating between similar organisms on a DNA 
sequence level, but their consistent rate of change allows these sequences to be used to 
evaluate the evolutionary relatedness of organisms. That is to say, the more similar the 
nucleic acid is at the sequence level, the more closely related the organisms in discussion 
5 are considered to be (Woese, Microbiol. Rev., 5 1 :22 1-271 [1987]). The present invention 

allows the amplification products derived from these sequences to be used to create 
highly individual structural fingerprints (e.g., profiles of the complex formation with an 
array of probes), allowing the detection of sequence polymorphisms without prior 
knowledge of the site, character or even the presence of the polymorphisms. With 

10 appropriate selection of primers, the PCR amplification can be made to be either 

all-inclusive (e.g., using the most highly conserved ribosomal sequences) to generate 
PCR products that, when analyzed using the methods of the present invention, allow 
comparison of distantly related organisms, or the primers can be chosen to be very 
specific for a given genus, to allow examination at the species and subspecies level. 

1 5 While the examination of ribosomal genes is extremely useful in these characterizations, 

the use of the structure probing method in bacterial typing is not limited to these genes. 
Other genes, including but not limited to those associated with specific growth 
characteristics, (e.g., carbon source preference, antibiotic resistance, resistance to 
methicillin or antigen production),, or with particular cell morphologies (such as pilus 

20 formation) are equally well suited to the structure probing of the present invention. 

C. Identification of Sites Accessible for Hybridization by Degenerate-Primer 
Reverse Transcription (DP-RT) 

The present invention further provides methods for determining and 
25 characterizing the accessibility of regions contained in nucleic acids to hybridization by 

oligonucleotides or other desired binding partners. Such methods find use, for example, 
in the identification, characterization, and design of antisense oligonucleotides that 
optimally bind to folded RNA targets. These methods also find use in the identification, 
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characterization, and design of oligonucleotides in the structure probing assays described 
above. For example, the methods allow for the selection of oligonucleotides that bind at 
or near folded structures, such that they are particularly sensitive to differences in 
sequence {e.g., local or distal) between two or more target nucleic acids that are 
5 compared. 

In preferred embodiments of the present invention, target nucleic acids {e.g., 
mRNA target nucleic acids) are contacted with a plurality of primers containing a region 
of degenerate sequence and primer extension reactions are conducted {See e.g., Figure 
45A and 45B). Where the target nucleic acid is an RNA molecule, preferred enzymes for 

10 use in the extension reactions are reverse transcriptases, which produce a DNA copy of 

the RNA template. Folded structures present in the target nucleic acid affect the initiation 
and/or efficiency of the extension reaction. For example, certain extension products are 
not generated where the primer is complementary to a sequence that is present in a folded 
structure. As described in detail below, the extension products of the primers are 

15 analyzed to provide a map of the accessible sites. For example, the presence of an 

extension product indicates that the corresponding primer used to generate the extension 
product was able to bind to an accessible region of the target nucleic acid. Regions of the 
target nucleic acid that do not allow hybridization of the primer and do not result in the 
production of an extension product are considered inaccessible sites. Such methods are 

20 referred to herein as "degenerate primer reverse transcription" or "DP-RT." 

In preferred embodiments of the present invention, the primers used to generate 
extension products contain a region of degeneracy. In such embodiments, a plurality of 
primers are used so that multiple regions of the target are primed. In particularly 
preferred embodiments, a sufficient number of different primers are used such that every 

25 combination of nucleotides in the region of degeneracy is represented within the mixture 

of oligonucleotides. For example, where the primers have a region of degeneracy that is 
six nucleotides in length, a sufficient number of primers is used such that an A, T, C, or G 
is located in each of the six positions, in every combination possible. For a region of 
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degeneracy that is two nucleotides in length, this would mean the following sequences are 
present in different, individual members of the oligonucleotide mixture: AA, AT, AG, 
AC, TT, TA, TG, TC, GG, GA, GT, GC, CC, CA, CG, and CT. Having such a collection 
of primers with a region of degeneracy maximizes the number of regions of the target that 
5 are potentially bound by the primers. In preferred embodiments, the mixture of primers is 

capable of binding to every region of the target, in single-base staggered increments, 
assuming the target lacks folded structure (e.g., for a target nucleic acid having the 
sequence 5'-ATGGCGT-3', the corresponding degenerate regions of the primers would 
include the sequences [5'-3*] AC, CG, GC, CC, CA, and AT). 

10 The extension products generated from the plurality of extension primers may be 

analyzed in any suitable manner. In preferred embodiments of the present invention, the 
extension products are amplified prior to further analysis. Any amplification method may 
be utilized. In some embodiments, the nucleic acid amplification is conducted (e.g., 
using the polymerase chain reaction). In yet other embodiments, a portion of the 

15 extension product is used to generate an amplifiable signal. For example, each extension 

primer, in addition to having the region of degeneracy, may further comprise a second 
region comprising an INVADER oligonucleotide. Following the generation of the 
extension products, the extension products or fragments thereof (e.g., fragments 
generated by cleavage of the extension product to release the INVADER oligonucleotide 

20 portion) are used as an INVADER oligonucleotide in an INVADER assay to detect the 

presence of extension product (e.g., with a predetermined INVADER target sequences 
based on the known sequence of the INVADER oligonucleotide). One skilled in the art 
will appreciate a wide array of amplification methods that find use in the detection of the 
extension products of the present invention. 

25 The presence or absence of an extension product (or an amplification product or 

signal corresponding to an extension product) provides information about the folded 
structure of the target nucleic acid and about the accessibility of the target nucleic acid to 
hybridization by oligonucleotide probes. For example, as discussed in detail below, an 
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amplification product can be correlated to the exact sequence of the target nucleic acid 
that hybridized to an extension primer used to generate the amplification product. This 
identified region of the folded target is accessible to oligonucleotide binding. The sub-set 
of extension primers that do not produce extension products can be correlated to regions 
5 of the target that are not accessible to oligonucleotide binding (e.g., regions of secondary 

or higher order structures). 

While any folded nucleic acid may be used with the present invention, in 
preferred embodiments, the folded nucleic acid comprises RNA. In certain preferred 
methods of the present invention, oligonucleotides with a minimum of six degenerate 

10 bases at their 3 '-end and a known 5 '-end sequence (as described in detail below), herein 

referred to as 5 '-tag, are allowed to hybridize with the target RNA. Libraries containing 
each of the possible sequences, in the degenerate portion are obtained or generated. Since 
all possible sequences complementary to accessible regions of the RNA are present in the 
degenerate oligonucleotide library, oligonucleotides complementary to accessible regions 

15 of the target RNA will hybridize. By taking advantage of reverse transcriptase 

recognition and extension of these randomly hybridized oligonucleotides, a reverse 
transcription (RT) reaction is then initiated by adding reverse transcriptase and its 
appropriate reagents. Afterward, a standard polymerase chain reaction (PCR) is 
performed on the RT products using primers that are specific for the target RNA (e.g., 

20 5 '-end of the cDNA) and the known 5 '-tag sequence of the degenerate oligonucleotides. 

Using the target cDNA and the same sense-strand primer used for the PCR reaction, 
sequencing reactions are then performed and their products are loaded side by side with 
the RT-PCR products on PAGE. The 3 '-end of the sequences of the extended products 
that correspond to regions where the degenerate oligonucleotides bound the RNA, are 

25 then mapped. This gives an accessible sites map of the target RNA where the degenerate 

primer bound and extended. Figure 45 A and 45B present an outline of the principles of 
this method. 

Thus, the present invention provides methods based on a the degenerate-primer 
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RT (DP-RT) approach for determining extendible/accessible regions of RNA targets. 
Experiments conducted during the development of the present invention have shown that 
the method gives extendible sites that correlate well with previously determined 
accessible regions for both human ha-ras and rabbit p-globin mRNA obtained using 
RNase H footprinting and libraries of complementary oligonucleotide arrays, 
respectively. Compared with these other experimental methods for determining 
accessible sites, the accessible sites determination of the present invention relies on a very 
simple, well established, and straight forward technique (i.e., RT-PCR) and provides 
accurate results in few hours with little cost and labor efforts. 

Comparison with antisense inhibition data published on hICAM-1 also indicate 
that sites obtained using DP-RT can readily and successfully be used for antisense 
oligonucleotide design. This is of great importance to the antisense technology since one 
of the major hurdles that antisense researchers face is determining accessible regions of 
their targeted mRNA. 

Additionally, experiments conducted during the development of the present 
invention show that results obtained using DP-RT can be directly used in RNA 
INVADER assays. This allows for a more efficient probe and INVADER 
oligonucleotide designs to regions of RNA that allow proficient probe cycling. The 
ability to do so is important for gene expression assays that require lower levels of 
detection of total mRNA. Additionally, these probe/INVADER oligonucleotide design 
principles can applied for INVADER assays designed to detect viral loads allowing lower 
detection limits of RNA targets in a time and cost efficient manner. 

Recently, several computer assisted predictions of accessible RNA regions have 
been developed such as mfold (Zucker, Science 244:48 [1989]), OligoWalk (Mathews et 
ai, RNA 5:1458 [1999]), and variations of both (Sczakiel, Frontiers in Biosciences 5:194 
[2000]; Patzel et ai, Nucleic Acids Res., 27:4328 [1999]; Walton et ai, Biotechnol. 
Bioeng., 65:1 [1999]). The quality of the computer-assisted prediction of accessible 
regions in RNA was tested versus results obtained with the DP-RT method described 
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herein. The program OligoWalk - a module of the software RNAstructure of the Turner 
laboratory (Mathews et al, RNA 5:1458 [1999]) was used since it uses the latest set of 
thermodynamic parameters for both RNA, DNA, and their hybrids (Allawi and 
SantaLucia, Biochemistry 36:10581 [1997]; Mathews et al, J. Mol. Biol., 288:91 1 
5 [1999]; Sugimoto et ai, Biochemistry 34: 11211 [1995]) in an algorithm that relies on 

mfold for RNA secondary structure prediction (Zucker, Science 244:48 [1989]). hlFN-y 
was used as a model for OligoWalk predictions. A set secondary structures of the hlFN-y 
were predicted using RNAstructure (Zucker, Science 244:48 [1989]; Mathews et ai, J. 
Mol. Biol., 288:91 1 [1999]) and were used to perform OligoWalk. OligoWalk is 

10 designed to predict the most favorable regions of an RNA target for designing antisense 

oligonucleotides by estimating the overall thermodynamics of hybridizing an antisense 
oligomer to the RNA by taking into account the thermodynamics of destroying any 
structural motifs in the RNA target or the antisense oligonucleotide. OligoWalk was 
performed using 12mer oligonucleotides with oligomer concentration of 0.5 jj,M and 

1 5 considering local target structure only and the set of suboptimal target structures 

predicted with a 25% maximum energy difference. Results are shown on Figure 53. No 
obvious correlation can be concluded when comparing OligoWalk results with the DP- 
RT results obtained. This suggests that, while theoretical prediction of accessible sites in 
RNA is a good initial step towards narrowing the possibilities of effective antisense 

20 oligonucleotide designs, it is not guaranteed that all sites predicted using such approach 

will work. As can be seen in the case of hlFN-y, OligoWalk over-predicts the number of 
accessible regions in the RNA. Also, whenever OligoWalk is correct about the location 
of an accessible site, it is almost always the case that it is predicted to be wider (Le. 9 
longer stretch of nucleotides) than it actually is. This is not surprising since theoretical 

25 models and algorithms of accessible sites predictions are dependent on the degree of 

accuracy of RNA secondary structure prediction and, among others, ignore the effects of 
tertiary interactions. Thus more accurate experimental methods such as DP-RT are 
superior to computer modeling in terms of guaranteeing that all accessible sites 
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determined are truly accessible. 

While the above discussion focuses on RNA, the DP-RT method may also be 
used on DNA. Folded DNA may be used as a target directly. However, in some 
embodiments of the present invention, the DNA is converted to RNA and DP-RT is 
5 performed on the RNA target. It is contemplated that accessibility information obtained 

from an RNA copy of a DNA provides useful information regarding the accessible sites 
on the DNA itself. Even without a 100% correlation, the technique finds use in reducing 
the number of candidate oligonucleotides that need to be tested to confirm accessibility to 
the DNA. This technique finds particular use in regions of DNA that have significant 

10 amounts of folded structure, such as promoter and upstream 5 f regulatory regions of 

genes. In such embodiments, the region of the DNA to be tested is placed in an 
expression system and exposed to RNA polymerase to generate an RNA copy of the 
DNA. DP-RT is then performed on the RNA copy. Accessible sites determined by this 
method can be confirmed by testing whether an oligonucleotide complementary to the 

15 corresponding site on the DNA will bind to the DNA. Sites that are determined to be 

inaccessible, particularly in 5 1 upstream regulatory regions of genes, provide regions that 
may be involved in regulation of gene expression, since many such folded structures 
provide recognition sites for transcription factors. Thus, in some embodiments of the 
present invention, sequences representing inaccessible regions find use in characterizing 

20 transcription factor binding or in generating oligonucleotide decoys that inhibit the 

binding of regulatory factors to native DNA (See e.g., U.S. Pat. No. 6,060,310, herein 
incorporated by reference in its entirety). 

D, Extraction of Nucleic Acids From Clinical Samples 

25 To provide nucleic acid substrates for use in the detection and identification of 

microorganisms in clinical samples using the methods of the present invention, nucleic 
acid is extracted from the sample. The nucleic acid may be extracted from a variety of 
clinical samples (fresh or frozen tissue, suspensions of cells [e.g., blood], cerebral spinal 
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fluid, sputum, urine, etc.) using a variety of standard techniques or commercially 
available kits. For example, kits that allow the isolation of RNA or DNA from tissue 
samples are available from Qiagen, Inc. (Chatsworth, CA) and Stratagene (La Jolla, CA). 
For example, the QIAamp Blood kits permit the isolation of DNA from blood (fresh, 
5 frozen or dried) as well as bone marrow, body fluids or cell suspensions. QIAamp tissue 

kits permit the isolation of DNA from tissues such as muscles, organs and tumors. 

It has been found that crude extracts from relatively homogenous specimens (such 
as blood, bacterial colonies, viral plaques, or cerebral spinal fluid) are better suited to 
severing as templates for the amplification of unique PCR products than are more 

10 composite specimens (such as urine, sputum or feces) (Shibata in PCR: The Polymerase 

Chain Reaction, Mullis et al, eds., Birkhauser, Boston [1994], pp. 47-54). Samples that 
contain relatively few copies of the material to be amplified (i.e., the target nucleic acid), 
such as cerebral spinal fluid, can be added directly to a PCR. Blood samples have posed 
a special problem in PCRs due to the inhibitory properties of red blood cells. The red 

15 blood cells must be removed prior to the use of blood in a PCR; there are both classical 

and commercially available methods for this purpose (e.g., QIAamp Blood kits, passage 
through a Chelex 100 column [BioRad], etc.). Extraction of nucleic acid from sputum, 
the specimen of choice for the direct detection of M tuberculosis, requires prior 
decontamination to kill or inhibit the growth of other bacterial species. This 

20 decontamination is typically accomplished by treatment of the sample with N-acetyl 

L-cysteine and NaOH (Shinnick and Jones, supra). This decontamination process is 
necessary only when the sputum specimen is to be cultured prior to analysis. 

E. Design of INVADER Assay Directed to Accessible Sites. 

25 

Oligonucleotide design 

a. Target-specific regions: length and melting temperature 

In some embodiments, the length of the analyte-specific regions (ASRs) are 
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defined by the temperature selected for running the reaction. Starting from the desired 
position (e.g., a variant position or splice junction in a target RNA, or a site 
corresponding to a low free energy value in an OligoWalk analysis) an iterative procedure 
is used by which the length of the ASR is increased by one base pair until a calculated 
5 optimal reaction temperature (T m plus salt correction to compensate for enzyme and any 

other reaction conditions effects, as shown below) matching the desired reaction 
temperature is reached. 

The melting temperature (T m ) of an oligonucleotide is calculated using the 
nearest-neighbor model and published parameters for either DNA/DNA (Allawi and 

10 SantaLucia, Biochemistry, 36:10581 [1997]) or DNA/RNA [Sugimoto, et al. 9 

Biochemistry 34:1 121 1 (1995)] duplex formation. Because the assay's salt 
concentrations are often different than the solution conditions in which the 
nearest-neighbor parameters were obtained (1M NaCl and no divalent metals), and 
because the presence and concentration of the enzyme influence optimal reaction 

15 temperature, an adjustment should be made to the calculated T m to determine the optimal 

temperature at which to perform a reaction. One way of compensating for these factors is 
to vary the value provided for the salt concentration within the melting temperature 
calculations. This adjustment is termed a 'salt correction'. As used herein, the term "salt 
correction" refers to a variation made in the value provided for a salt concentration for the 

20 purpose of reflecting the effect on a T m calculation for a nucleic acid duplex of a non-salt 

parameter or condition affecting said duplex. Variation of the values provided for the 
strand concentrations will also affect the outcome of these calculations. By using a value 
of 0.5 M NaCl (SantaLucia, Proc Natl Acad Sci USA, 95:1460 [1998]) and strand 
concentrations of about 1 mM of the probe and 1 fM target, the algorithm used for 

25 calculating probe-DNA target melting temperature has been adapted for use in predicting 

optimal INVADER assay reaction temperature. 

In general probes are selected to have an ASR with a calculated T m of about 60 °C 
if a stacking oligonucleotide is not used, and a T m of about 50 to 55 °C if a stacking 
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oligonucleotide is used (a stacking oligonucleotide typically raises the T m of a flanking 
probe oligonucleotide by about 5 to 15 °C). If the position of variation or a splice 
junction is a starting position, then the additions are made to the 3 1 end of the probe. 
Alternatively, if the 3* end of the probe is to be positioned at the most accessible site, the 
5 additions are in the 5' direction. In some embodiments, wherein a stacker oligonucleotide 

is to be used, it is preferred that the probe be designed to have a 3' base that has stable 
stacking interaction interface with the 5' base of the stacker oligonucleotide. The stability 
of coaxial stacking is highly dependent on the identity of the stacking bases. Overall, the 
stability trend of coaxial stacking in decreasing order is purine:purine > 

10 purine:pyrimidine « pyrimidne.purine > pyrimidinerpyrimidine. In other embodiments 

employing a stacker, a less stable stacking interaction is preferred; in such cases the probe 
3 5 base and/or the stacker 5' base are selected to provide a less stable stacking interaction. 
In some embodiments, the probe 3' base and/or the stacker 5* base are selected to have a 
mismatch with respect to the target strand, to reduce the strength of the stacking 

15 interaction. 

The same principles are also followed for INVADER oligonucleotide design. 
Briefly, starting from the position N, additional residues complementary to the target 
RNA starting from residue N-l are then added in the upstream direction until the stability 
of the INVADER-target hybrid exceeds that of the probe (and therefore the planned assay 

20 reaction temperature). In preferred embodiments, the stability of the INVADER-target 

hybrid exceeds that of the probe by 12-15 °C In general, INVADER oligonucleotides 
are selected to have a T m near 75 °C. Software applications, such as 
INVADERCREATOR (Third Wave Technologies, Madison, WI) or Oligonucleotide 5.0 
may be used to assist in such calculations. 

25 If a stacking oligonucleotide is to be used, similar design principles are applied. 

The stacking oligonucleotide is generally designed to hybridize at the site adjacent to the 
3' end of the probe oligonucleotide, such that the stacker/target helix formed can coaxially 
stack with the probe/target helix (U.S. Patent No. 5,985,557, incorporated herein by 
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reference). The sequence is selected to have a calculated T m of about 60 to 65 °C, with 
the calculation based on the use of natural bases. However, stacking oligonucleotides are 
generally synthesized using only 2 '-O-methyl nucleotides, and consequently, have actual 
T m s that are higher than calculated by about 0.8 °C per base, for actual T m s close to 75 °C. 
5 In some embodiments, ARRESTOR oligonucleotides are included in a secondary 

reaction. ARRESTOR oligonucleotides are provided in a secondary reaction to sequester 
any remaining uncleaved probe from the primary reaction, to preclude interactions 
between the primary probe and the secondary target strand. ARRESTOR 
oligonucleotides are generally 2'-0-methylated, and comprise a portion that is 
10 complementary to essentially all of their respective probe's target-specific region, and a 

portion that is complementary to at least a portion of the probe's flap regions (e.g., six 
nucleotides, counted from the +1 base towards the 5' end of the arm). 

b. Non-complementary regions 
Probe 5* Arm selection 

15 The non-complementary arm of the probe, if present, is preferably selected (e.g., 

by an iterative process as described above) to allow the secondary reaction to be 
performed at a particular reaction temperature. In the secondary reaction, the secondary 
probe is generally cycling, and the cleaved 5 ! arm (serving as an INVADER 
oligonucleotide) should stably bind to the secondary target strand. 

20 INVADER oligonucleotide 3' terminal mismatch selection 

In preferred embodiments, the 3 f base of the INVADER oligonucleotide is not 
complementary to the target strand, and is selected in the following order of preference 
(listed as INVADER oligonucleotide 3' base/target base): 

C in target: C/C > AJO T/C > G/C 

25 A in target: A/A > C/A > G/A > T/A 

G in target: A/G > G/G > T/G > C/G 
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U in target: C/U > A/U > T/U > G/U 

c. Folding and dimer analysis 

In some embodiments, the oligonucleotides proposed for use in the INVADER 
assay are examined for possible inter- and intra-molecular structure formation in the 
absence of the target RNA. In general, it is desirable for assay probes to have fewer 
predicted inter- or intra molecular interactions. In some embodiments, the program 
OLIGO (e.g., OLIGO 5.0, Molecular Biology Insights, Inc., Cascade, CO) is used for 
such analysis. In other embodiments, the program mfold is used for the analysis. In yet 
other embodiments, the RNAStructure program can be used for dimer analysis. The 
following sections provide stepwise instructions for the use of these programs for 
analysis of INVADER assay oligonucleotides. 

OLIGO 5.0 analysis for Probe structure and interaction prediction. 

Analysis of INVADER oligonucleotides using OLIGO 5.0 comprises the 
following steps. All menu choices are shown in UPPER CASE type. 

1. Launch OLIGO 5.0 and open a sequence file for each mRNA to be analyzed. This 
is done by using a menu to select the following 

• Choose FILE- >NEW 

• Paste in longest available sequence 

• Choose ACCEPT & QUIT (F6) 

2. Set Program settings to default 

Choose FILE- >RESET- > ORIGINAL DEFAULTS 
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3. Identify Probe Oligonucleotide 

• . Select OLIGO LENGTH to be around 16 nucleotides (open the menu for this 

option by using ctrl-L keystrokes). 

• Move the cursor indicating the 5' end of the Current Oligo until the 3 1 end is 
located at the candidate cleavage site residue. 

• Choose ANALYSE- >DUPLEX FORMATION- >CURRENT OLIGO (ctrl-D) 
for a rough determination of the extent of dimer and hairpin formation. 

• Confirm length of analyte region corresponds with desired reaction temperature 
[e.g., through the use of T m calculation as described in the Optimization of 
Reaction Conditions, I (c) of the Detailed Description of the Invention] 

• Select the "LOWER" button in OLIGO 5.0 to copy the anti-sense sequence (this 
will be the analyte-specific region of the actual probe oligonucleotide and is anti- 
sense to the RNA strand.) 

• Import into a database file. 

• Save to computer memory. 

4. Identify INVADER Oligonucleotide 

• Choose sequence adjacent to the probe oligonucleotide identified from step 3. 

• Select OLIGO LENGTH to -24 nucleotides 

• Confirm length of analyte region corresponds with desired reaction temperature 
[e.g., through the use of T m calculation as described in the Optimization of 
Reaction Conditions, I (c) of the Detailed Description of the Invention, about 75 
°C for INVADER oligonucleotides). Select the "LOWER" button in OLIGO 5.0 
to copy the corresponding anti-sense sequence (this will be the analyte-specific 
region of the actual INVADER oligonucleotide.) 

• Import into a database file. 

• Save to computer memory. 
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5. Addition of Cleaved Arm Sequence and INVADER Oligonucleotide Mismatch 
Sequence. 

• Export the Probe oligonucleotide as Upper Primer. 

• Export the INVADER oligonucleotide as Lower Primer. 

5 • EDIT UPPER PRIMER to add in a candidate arm sequence (selected, for 

example, as described above). 

• Check that the arm sequence does not create new secondary structures (analysis 
performed as described above). 

• EDIT LOWER PRIMER to add in the 3' mismatched nucleotide that will overlap 
10 into the cleavage site (selected according to the guidelines for this mismatched 

bases, provided above). 

• Select all Upper and Lower Primer boxes in the "Print/Save Options" 

« PRINT ANALYSIS of Upper (Probe) and Lower (INVADER) oligonucleotides 
and check for lack of stable secondary structures. 
15 • Save both mRNA sequence and oligonucleotide sequence database files before 

quitting the program. 



Generally, oligonucleotides having detected intra-molecular formations with 
stabilities of less than -6 AG are preferred. Less stable structures represent poor 
20 substrates for CLEAVASE enzymes, and thus cleavage of such structures is less likely to 

contribute to background signal. Probe and INVADER oligonucleotides having less 
affinity for each other are more available to bind to the target, ensuring the best cycling 
rates. 

The T m of dimerized probes (i.e., probes wherein one probe molecule is 
25 hybridized to another probe molecule) should ideally be lower than the T m for the probe 

hybridized to the target, to ensure that the probes preferentially hybridize to the target 
sequence at the elevated temperatures at which INVADER assay reactions are generally 
conducted. Similarly, the T m for the INVADER oligonucleotide hybridized either to 
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itself or to a probe molecule should be lower than the INVADER oligonucleotide/target 
T m . It is preferred that dimer T m s {i.e., Probe/Probe and Probe/INV ADER 
oligonucleotide) be 25°C or less to ensure that they will be unlikely to form at the planned 
reaction temperature. 

5 The melting temperatures for each of these complexes can be determined as 

described above in Optimization of Reaction Conditions, I (c) of the Detailed Description 
of the Invention, or by using the OLIGO software. Once RNAs sites and several 
candidate INVADER assay oligonucleotide sets are selected according to the process 
outlined above, the candidate oligonucleotide sets can be ranked according to the degree 

10 to which they comply with preferred selection rules, e.g., their location on the SS-Count 

average plot (peak, valley, neither), and the energetic predictions of probe and INVADER 
oligonucleotide interactions. In some embodiments, the ranked probe sets are tested in 
order of rank to identify one or more sets having suitable performance in an RNA 
INVADER assay. In other embodiments, several of the top ranked sets {e.g., two, three 

15 or more) are selected for testing, to rapidly identify one or more sets having suitable or 

desireable performance. 

Mfold analysis for probe structure and interaction prediction 

Analysis of probe and INVADER oligonucleotide interactions may be performed 
20 using mfold for DNA provided by Michael Zuker, available through Rensselaer 

Polytechnic Institute at bioinfo.math.rpi.edu/-mfold/dna/forml.cgi. The analysis is 
performed without changing the default ionic conditions, and with a selected temperature 
of 37 °C and with % suboptimality set to 75. Each sequence {e.g., probe, INVADER 
oligonucleotide, stacker, etc.) is folded using the program to check for any unimolecular 
25 structure formation {e.g., hairpins). The energies provided by mfold gives for 

unimolecular structures can be used as provided, without further calculations. 

Bimolecular structure formation for a given oligonucleotide is assessed by typing 
in the oligonucleotide sequence (5 f to 3 f ) followed by the sequence of a small, stable 
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hairpin forming sequence (e.g., CCCCCTTTTGGGGG [SEQ ID NO:]), followed by the 
same oligonucleotide sequence, again listed 5' to 3. Constraints are entered to require 
that these Ts remain single-stranded and the strings of Cs and Gs in this spacer are 
basepaired. The command "F" is used to force basepairing, while the command "P" is 
5 used to prohibit basepairing, and the positions of the forced or prohibited basepairs are 

counted from the 5 ! end. For example, if the sequence of interest is a 20-mer, then the 
following is entered: 

F 21 0 5 [this forces the Cs, C21 to C25, to base pair] 

P 26 0 4 [this forces the T's, T26 to T29, to be single stranded] 

10 F 30 0 5 [this forces the G's, G30 to G34, to base pair] 

On examination of the resulting structures, the stability of each can be estimated 
by subtracting the stability (i.e., the thermodynamic measures) of the central spacer 
hairpin from the total result (i.e., Thermodynamics of possible structure = mfold structure 
thermodynamics - core hairpin thermodynamics). For convenience, in some 

1 5 embodiments, any nearest neighbor interactions between the central hairpin and dimers 

formed by the test sequence are ignored for this calculation; a more accurate analysis 
would require consideration of this interaction. The core hairpin formed by 
CCCCCTTTTGGGGG (SEQ ID NO:152) has the following thermodynamics: AG = -5.3; 
AH = -37.8; AS = -104.8. 

20 The process can be demonstrated using the following probe sequence: 5'- 

CCCTATCTTTAAAGTTTTTAAAAAGTTTGA-3 ' (SEQ ID NO: 153). The 
oligonucleotide sequence is examined by mfold analysis for bimolecular structures using 
the following steps. 

1- In mfold sequence box type: 

25 CCCTATCTTTAAAGTTTTTAAAAAGTTTGACCCCCTTTTGGGGGCCC 
TATCTTTAAAGTTTTTAAAAAGTTTGA (SEQ ID NO: 154) 

2- In the constraint box type: 
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F 31 05 
F4005 



5 Results (showing one): 

Structure 1 

dG= -14.2 dH= -150.5 dS= -439.5 Tm= 69.3 

CCCTATCTTT |G G T 

AAA TTTTTAAAAA TTTGA CCCCC T 
10 TTT AAAAATTTTT AAATT GGGGG T 
AG ^G G TCTATCCC T 



To evaluate the stability of the duplex: 

CCCTATCTTT | G G 
15 AAA TTTTTAAAAA TTTGA 

TTT AAAAATTTTT AAATT 
AG A G G TCTATCCC 

the thermodyanamic values for the hairpin alone are subtracted from the values for the 
20 complete structure: 

AG = -14.2 -(-5.3) = -8.9, 

AH = -150.5 -(-37.8) = -112.7, 

AS = -439.5 - (-104.8) = -334.7, 
Using a calculation wherein T m (°C) = {AH / [AS + R In (CT/4)]} - 273.15, wherein R is 
25 the gas constant 1.987 (cal/K.mol), In is the natural log, and CT is the total single strand 

concentration in Molar, this results in a calculated T m of 46.1 °C for the non-hairpin 
portion of the structure. 

The above method is not limited to the use of the core hairpin sequence 
CCCCCTTTTGGGGG but rather any stable hairpin sequences can be used. For 
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example, CGCGCGGAACGCGCG (SEQ ID NO: 155) or CCCGGGTTTTCCCGGG 
(SEQ ID NO: 156). However, if a different hairpin sequence is used, one needs to 
calculate its stability using mfold and use its thermodynamics in the subsequent 
calculations. 

5 

RNAStructure for oligonucleotide interaction prediction 

Dimer formation can also be evaluated using the RNAStructure program. Unlike 
mfold, RNAStructure allows the calculation of all possible oligonucleotide- 
oligonucleotide interactions and provides an output xt file. One can then view the 

10 structures using any xt viewing program such as RNAStructure or RNAvis (1997, P. 

Rijk, University of Antwerp (UIA), available on the Internet at rrna.uia.ac.be/rnavis) and 
evaluate the stability of any dimer formation using the nearest-neighbor model (Borer et 
al, 1974) and DNA nearest-neighbor parameters (Allawi & SantaLucia, 1997). 
For example, to evaluate the propensity of the sequence 5' 

1 5 AGGCGCACCAATTTGGTGTT 3' (SEQ ID NO: 157) for dimer formation using the 

DNA Fold Intermolecular module of RNAStructure, the sequence is saved into a file 
{e.g., probe.seq) and the following parameters are set: 
Sequence file 1 : probe.seq 
Sequence file 2: probe.seq 

20 CT file: dimerxt 

Max % Energy difference: 50 
Max number of structures: 20 
Window size: do not change 

25 After the calculation is done, one can view the resulting xt file using the "view" module 

of RNAStructure. Generally, there will be several structures within the xt file. The view 
module is used to view them individually. One of the dimers that the test sequece, above, 
can form according to RNAStructure is: 
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AGGCG TT 
CACCAATTTGGTG 
GTGGTTTAACCAC 
TT GCGGA 

According to the nearest-neighbor model (i.e., using DNA nearest-neighbor and 

mismatch parameters [Allawi & SantaLucia, 1997]), the stability of this duplex in 1M 

NaCl and at a probe concentration of 100 |j,M is: 

AG 0 37 - -10.07 

AH=-87.6 

AS=-250.1 

Tm= 50.1°C 

By changing the identities of Sequence Files 1 & 2, RNAStructure can be used to 
evaluate the possibility of any dimer formation between pairs of all of the DNA 
oligonucleotides present in an INVADER assay reaction. 

iv. Assay performance evaluation 

Probe sets selected according to the guidelines provided above can be tested in the 
INVADER assay to evaluate performance. While the oligonucleotides are designed to 
perform at or near a particular desired reaction temperature, the best performance for a 
given design may not be precisely at the intended temperature. Thus, in evaluating any 
new INVADER assay probe set, it can be helpful to examine the performance in the 
INVADER assay conducted at several different reaction temperatures, over a range of 
about 10 to 15 °C, centered around the designed temperature. For convenience, 
temperature optimization can be performed on a temperature gradient thermocycler with a 
fixed amount of RNA (e.g., 2.5 amoles of an in vitro transcript per reaction), and for a 
fixed amount of time (e.g., 1 hour each for Primary and Secondary reactions). The 
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temperature gradient test will reveal the temperature at which the designed probe set 
produces the best performance (e.g., the highest level of target-specific signal compared 
to background signal, generally expressed as a multiple of the zero-target background 
signal, or "fold over zero"). 

The results can be examined to see how close the measured temperature optimum 
is to the intended temperature of operation. In some embodiments, it is desirable to have 
probe sets that operate at or near a pre-selected temperature. If the measured temperature 
optimum is higher than the desired reaction temperature, a probe design can be altered in 
ways that tend to reduce the probe/target T m (e.g., shortened by one or more bases, or 
altered to contain one or more mismatched bases). In some embodiments, wherein a 
stacker oligonucleotide is not used, wherein the reaction temperature is more than 7 °C 
above the desired reaction temperature, and wherein the performance (e.g., the fold over 
zero) is acceptable, use of a 3' mismatch on the probe oligonucleotide is likely to lower 
the reaction temperature without otherwise altering the assay performance. 

An LOD determination can be made by performing reactions on varying amounts 
of target RNA (e.g., an in vitro transcript control RNA of known concentration). In 
preferred embodiments, a designed assay has an LOD of less than 0.05 attomole. In 
particularly preferred embodiments, a designed assay has an LOD of less than 0.01 
attomole. It is contemplated that the same guideline provided above for reducing the 
LOD of a designed assay may be used for the purpose of raising the LOD of a designed 
assay, i.e., to make it LESS sensitive to the presence of a target RNA. For example, it 
may be desirable to detect an abundant RNA and a rare RNA in the same reaction. In 
such a reaction, it may be desirable to attenuate the signal generated for the abundant 
RNA so that it does not overwhelm the signal from the rarer species. In some 
embodiments this may be done by designing probe sets for reduced signal generation, 
e.g., an LOD of at least (not less than) 0.5 attomoles. In some embodiments, a single step 
INVADER assay may be used for detection of abundant targets in a sample, while 
sequential INVADER reactions to amplify signal, as described, may be used 
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for less abundant analytes in the same sample. In preferred embodiments, the single step 
and the sequential INVADER assay reactions for the different analytes are performed in a 
single reaction. 

In some embodiments, time course reactions are run, wherein the accumulation of 
signal for a known amount of target is measured for reactions run for different lengths of 
time. This measurement will establish the linear ranges, Le., the ranges in which accurate 
quantitative measurements can be made using a given assay design, with respect to time 
and starting target RNA level. 

v. Design and assay optimization 

Some designed assays may not meet the preferred performance criteria described 
above. A number of variations on the performance of INVADER assay reactions have 
been described herein. In optimizing performance of the INVADER assay for the 
detection of RNA targets, these variations may be used alone or in combination. For 
example, in some embodiments, a stacker oligonucleotide is employed. While not 
limiting the present invention to any particular mechanism of action, in some 
embodiments, a stacker oligonucleotide may enhance performance of an assay by altering 
the hybridization characteristics (e.g., T m ) of a probe or an INVADER oligonucleotide. 
In some embodiments, a stacker oligonucleotide may increase performance by enabling 
the use of a shorter probe. In other embodiments, a stacker oligonucleotide may enhance 
performance by altering the folded structure of the target nucleic acid. In yet other 
embodiments, the enhancing activity of the stacker oligonucleotide may involve these 
and other mechanisms in combination. 

In other embodiments, the target site may be shifted. In some embodiments, 
reactions are optimized by testing multiple probe sets that shift along a suspected 
accessible site. In preferred embodiments, such probe sets shift along the accessible site 
in one to two base increments. In embodiments wherein accessible sites have previously 
been predicted only by computer analysis, physical detection of the accessible sites may 
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be employed to optimize a probe set design. In preferred embodiments, the 
ACCESSIBLE SITES method of detecting accessible sites is employed. In some 
embodiments, optimization of a probe set design may require shifting of the target site to 
a newly identified accessible site. 

In some embodiments, e.g., wherein an accessible site has been identified yet 
probe set performance is low, a change in the design of a probe 5 ! arm may improve assay 
performance without altering the site targeted. In other embodiments, altering the length 
of an ARRESTOR oligonucleotide (e.g., increasing the length of the portion that is 
complementary to the 5' arm region of the probe) may reduce background signal, thus 
increasing the probe stet performance. 

Other variations on oligonucleotide design may be employed to alter performance 
in an assay. Some modifications may be employed to shift the ideal operating 
temperature of a probe set design into a preferred temperature range. For example, the 
use of shorter oligonucleotides and the incorporation of mismatches generally act to 
reduce the T m s, and thus reduce the ideal operating temperatures, of designed 
oligonucleotides. Conversely, the use of longer oligonucleotides and the employment of 
stacking oligonucleotides generally act to increase the T m s, and thus increase the ideal 
operating temperatures of the designed oligonucleotides. 

Other modifications may be employed to alter other aspects of oligonucleotide 
performance in an assay. For example, the use of base analogs or modified bases can 
alter enzyme recognition of the oligonucleotide. In some embodiments, such modified 
bases are used to protect a region of an oligonucleotide from nuclease cleavage. In other 
embodiments, modified bases are used to affect the ability of an oligonucleotide to 
participate as a member of a cleavage structure that is not in a position to be cleaved (e.g., 
to serve as an INVADER oligonucleotide to enable cleavage of a probe). These modified 
bases may be referred to as "blocker" or "blocking" modifications. In some 
embodiments, assay oligonucleotides incorporate 2'-0-methyl modifications. In other 
embodiments, assay oligonucleotides incorporate 3 f terminal modifications (e.g., NH 2 , 3' 
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hexanol, 3' phosphate, 3' biotin). 

In yet other embodiments, the components of the reaction may be altered to affect 
assay performance. For example, oligonucleotide concentrations may be varied. 
Oligonucleotide concentrations can affect multiple aspects of the reaction. Since melting 
5 temperatures of complexes are partly a function of the concentrations of the components 

of the complex, variation of the concentrations of the oligonucleotide components can be 
used as one facet of reaction optimization. In the methods of the present invention, 
ARRESTOR oligonucleotides may be used to modulate the availability of the primary 
probe oligonucleotides in an INVADER assay reaction. In some embodiments, an 
10 ARRESTOR oligonucleotide may be excluded. Other reaction components may also be 

varied, including enzyme concentration, salt and divalent ion concentration and identity. 

EXPERIMENTAL 

The following examples serve to illustrate certain preferred embodiments and 
15 aspects of the present invention and are not to be construed as limiting the scope thereof 

In the disclosure which follows, the following abbreviations apply: °C (degrees 
Centigrade); g (gravitational field); vol (volume); w/v (weight to volume); v/v (volume to 
volume); BSA (bovine serum albumin); CTAB (cetyltrimethylammonium bromide); 
HPLC (high pressure liquid chromatography); DNA (deoxyribonucleic acid); IVS 
20 (intervening sequence); p (plasmid); ml (microliters); ml (milliliters); mg (micrograms); 

pmoles (picomoles); mg (milligrams); MOPS (3-[N-Morpholino]propanesulfonic acid); 
M (molar); mM (milliMolar); mM (microMolar); nm (nanometers); nt (nucleotide); bp 
(base pair); kb (kilobase pair); kdal (kilodaltons); OD (optical density); EDTA (ethylene 
diamine tetra-acetic acid); FITC (fluorescein isothiocyanate); IPTG 
25 (isopropylthiogalactoside); X-Gal (5-bromo-4-chloro-3-indolyl-b-D-galactosidase); SDS 

(sodium dodecyl sulfate); NaP0 4 (sodium phosphate); Tris (tris(hydroxymethyl)- 
aminomethane); PMSF (phenylmethyl-sulfonylfluoride); TBE (Tris-Borate-EDTA, i.e., 
Tris buffer titrated with boric acid rather than HC1 and containing EDTA); PBS 
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(phosphate buffered saline); Ab Peptides (Ab Peptides, St. Louis, MO); PPBS (phosphate 
buffered saline containing 1 mM PMSF); PAGE (polyacrylamide gel electrophoresis); 
TWEEN (polyoxyethylene-sorbitan); hICAM-1 (human intercellular adhesion molecule 
1); hlFN-y (human interferon-y); PCR (polymerase chain reaction); RT (reverse 
transcription); DP-RT (degenerate primer reverse transcription); TET 
(tetrachlorofluorecsein); TMA-C1 (tetramethylammonium chloride); JBL (JBL, San Louis 
Obispo, CA); Boehringer Mannheim (Boehringer Mannheim, Indianapolis, IN); Dynal 
(Dynal A.S., Oslo, Norway); Epicentre (Epicentre Technologies, Madison, WI); MJ 
Research (MJ Research, Inc., Watertown, MA); National Biosciences (National 
Biosciences, Plymouth, MN); New England Biolabs (New England Biolabs, Beverly, 
MA); Novagen (Novagen, Inc., Madison, WI); Perkin Elmer (Perkin Elmer, Norwalk, 
CT); Promega Corp. (Promega Corp., Madison, WI); Stratagene (Stratagene Cloning 
Systems, La Jolla, CA); Third Wave (Third Wave Technologies, Inc., Madison, WI); and 
USB (U.S. Biochemical, Cleveland, OH). 

20X SSPE (sodium chloride, sodium phosphate, EDTA) contains per liter: 174 
grams NaCl, 27.6 grams NaH 2 P0 4 «H 2 0 and 7.4 grams EDTA; the pH is adjusted to 7.4 
with NaOH. PBS (phosphate-buffered saline) contains per liter: 8 grams NaCl, 0.2 
grams KC1, 1.44 grams Na 2 P0 4 and 0.24 grams KH 2 P0 4 ; the pH is adjusted to 7.4 with 
HC1. 
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EXAMPLE 1 

The Presence Of A Structure And A Probe Mismatch In Combination 
Provide More Sensitive Discrimination Than Does Either Effect Alone 



5 In this Example, the effects on oligonucleotide binding of either the formation of 

an occlusive structure, the presence of a single-base mismatch, or the presence of both at 
once were examined. To separate the effects on the efficiency of binding of structure 
from the effects of mismatches, four katG DNA target variants were chosen (SEQ ID 
NOS:l, 2, 3 and 4). The structures of these four targets in the region of the probe 

10 hybridization sites are shown in Figure 2 and the existence of the large stem-loop in 

structures 2C and 2D (SEQ ED NOS:3 and 4, respectively) was confirmed by digestion 
with the structure-specific CLEAVASEI nuclease (Third Wave) and the cleavage sites are 
indicated by the arrows on structures 2C and 2D. The dark bar on the left of each 
structure in Figure 2 indicates the region to which the capture probe is expected to bind. 

15 The pointed kink in the black bar in structures 2B and 2D indicates a site of mismatch 

between the capture probe and the katG target. 

a) CFLP Analysis of Mutations in the katG Gene of M. tuberculosis 
i) Generation of Plasmids Containing katG Gene Sequences 

20 Genomic DNA isolated from wild-type M tuberculosis or M. tuberculosis strains 

containing mutations in the katG gene associated with isoniazid resistance were obtained 
from Dr. J. Uhl (Mayo Clinic, Rochester, MN). These strains are termed wild-type and 
S315T (Cockerill, III et al. 9 J. Infect. Dis., 171:240 [1995]). Strain S315T contains a G to 
C mutation in codon 3 1 5 of the wild-type katG gene. 

25 A 620 bp region of the M. tuberculosis katG gene was amplified using the PCR 

from DNA derived from the above strains. The primers used to amplify the katG gene 
sequences were KatG904 (5 '- AGCTCGT ATGGC ACCGGAAC-3 ')(SEQ ID NO:5) and 
KatG1523 (5'-TTGACCTCCCACCCGACTTG-3') (SEQ ID NO:6); these primers 
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amplify a 620 bp region of katG gene. The PCRs were conducted in a final reaction 
volume of 100 jxl and contained the KatG904 and KatG1523 primers at 0.5 mM, 1.5 mM 
MgCl 2 , 20 mM Tris-HCl, pH 8.3, 50 mM KC1, 0.05 % each TWEEN-20 and NONIDET 
P-40 non-ionic detergents, 60 mM of all 4 dNTPs. The reaction mixtures were heated at 
5 95°C for 3 min, then amplification was started with addition of 5 units of Taq DNA 

polymerase and continued for 35 cycles at 95 °C for 1 min, 60°C for 1 min and 72°C for 2 
min. 

To clone the PCR-amplified katG fragments, 1 ^1 of each PCR product was used 
for ligation into the linear pT7Blue T-vector (Novagen, Madison,WI). The ligation 

10 products were used to transform competent JM109 cells and clones containing pT7Blue 

T-vector with an insert were selected by white color on LB plates containing 40 mg/ml 
X-Gal, 40 mg/ml IPTG and 50 mg/ml ampicillin. For each of the PCR samples, four 
colonies were picked and grown overnight in 2 ml LB media containing 50 mg/ml 
carbenicillin. Plasmid DNA was isolated using an alkaline miniprep protocol (Sambrook 

15 et al, supra). 

To analyze the cloned katG fragments, 1 j^l of plasmid DNA from each clone was 
amplified by PCR using 100 jil reactions containing the KatG904 and KatG1523 primers 
at 0.5 mM, 1.5 mM MgCl 2 , 20 mM Tris-HCl, pH 8.3, 50 mM KC1, 0.05 % each TWEEN- 
20 and NONIDET P-40 non-ionic detergents, 60 mM of all 4 dNTPs and 5 units of Taq 

20 DNA polymerase. The PCRs were cycled 35 times at 95°C for 1 min, 60°C for 1 min 

and 72°C for 2 min. PCR products were separated by electrophoresis on a 6% native 
polyacrylamide gel in 0.5X TBE buffer and clones that gave rise to a 620 bp fragment 
were selected for further analysis. 

Fragments of DNA (391 bp), labeled on the 5 f end of the sense strand with 

25 tetrachlorofluorescein (TET), were created from the cloned katG genes using primers 

S'-TET-AGCTCGTATGGCACCGGAACC-S' (SEQ ID NO:7) and 5'-GGACCAGC 
GGCCCAAGGTAT-3' (SEQ ID NO:8). When the wild type katG DNA fragment of this 
size is denatured by heating and allowed to fold, nucleotides A37-C45 base pair with 
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nucleotides G381-T389 (measured from the 5 f end of the sense strand). The wild type 
sequence has a G at bp 41 (G41) which is complimentary to the C at bp 385 (C385) as 
shown in Figure 2C; the S315T mutant sequence contains a C at bp 41 (C41) which is 
non-complimentary to C385 and disrupts the formation of the hairpin, as shown in Figure 
5 2B. Two additional non-wild type sequences were created by using an alternative primer 

at the 3' end (5'-GGACCACCGGCCCAAGGTATCT-3 ? ; SEQ ID NO:9) which changed 
C385 to G385. This allowed creation of fragments with a G41 to G385 mismatch (Figure 
2A) and a C41 to G385 base pair (Figure 2D). 

The PCR reactions were performed as follows: PCR mixtures contained 5 ng of 

1 0 plasmid DNA template, 1 X PCR buffer, 200 mM of each dNTP, 0.5 mM of each primer, 

5 units of Taq Polymerase and water to final volume of 100 ml. The PCR cycling 
conditions were: 95°C for 45", 65°C for l f 30" and 72°C for T for a total of 30 cycles, 
followed by a 4°C soak. The 391 bp PCR products were purified using "High Pure PCR 
Product Purification Kit" (Boehringer Mannheim). This set of fragments (SEQ ID 

15 NOS:l-4) allowed a single probe to be used to assess the effects of mismatch, secondary 

structure or a combination of both on the formation of the complex between the probe 
and target. 

ii) CFLP Reactions 

20 CFLP reactions were performed on each 5 f -TET labeled amplification product 

from the four KatG variants (2A-2D). Each CFLP reaction contained approximately 20 
fmole of the amplified product, 50 units of CLEAVASE I nuclease in 10 jil of IX CFLP 
buffer (10 mM MOPS pH 7.5, 0.05% TWEEN 20 and 0.05% NONIDET P40 non-ionic 
detergents) with 0.2 mM MnCl 2 . Reactions were assembled with all components except 

25 the enzyme and the MnCl 2 , heated to 95 °C for 15 seconds, then cooled to the reaction 

temperature of 50°C. The cleavage reactions were started with the addition of the 
enzyme and the MnCl 2 , and incubated for 5 minutes. The reactions were terminated by 
the addition of 4 ml of 95% formamide with 10 mM EDTA and 0.02% Methyl Violet. 
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The products were heated at 95°C for 30 sec, and aliquots were resolved by 
electrophoresis through 10% denaturing polyacrylamide gel (19:1 cross link) with 7 M 
urea in a buffer of 45 mM Tris-Borate, pH 8.3, 1.4 mM EDTA. The gel was visualized 
using the FMBIO-100 Image Analyzer (Hitachi). The resulting image is shown in the left 
5 panel of Figure 3. Lanes A-D contain CFLP reaction products from reactions containing 

structures 2A-2D, respectively. Lanes C and D contain a product (37 nt; indicated by the 
arrowhead) not present in lanes A and B which indicates the presence of the large 
stem-loop in structures 2C and 2D shown in Figure 2. 

10 b) Structure Probing Analysis of M. tuberculosis katG Gene Targets 

In these experiments, the capture probes are bound to the target DNAs in solution 
and then immobilized on a solid support. The 391 bp fragment of katG described above 
was created by PCR using a 5 '-fluorescein labelled primer (SEQ ID NO:7). A 
hybridization mixture was assembled, containing 40 fmoles of heat-denatured, 391 bp 

15 katG PCR product having one of the four sequences depicted in Figure 2 (SEQ ID 

NOS:l-4), labelled on the 5' end of the sense strand, 1.5 pmole of the biotinylated capture 
probe (SEQ ID NO: 10), 0.01 mg/ml tRNA, 0.2% acetylated BSA, 4.5X SSPE and H 2 0 to 
150 nl. 

Aliquots (100 jal) of the mixture were then transferred to wells in a 
20 streptavidin-coated 96-well plate (Boehringer Mannheim) and incubated at room 

temperature for 30 min. The plate was then washed three times with IX PBS, with 0.01% 
TWEEN-20 non-ionic detergent, then treated with a solution containing 0.2% I-Block 
(Tropix, Bedford, MA) and 0.05% TWEEN-20 non-ionic detergent in PBS for 30 
minutes to block. After blocking, the plate was washed three times with PBS with 0.1% 
25 TWEEN-20 non-ionic detergent. A 1 :5000 dilution of 0.75 u/ml anti-fluorescein 

antibody conjugated with alkaline-phosphatase in 0.2% I-block buffer was added to the 
plate in 100 ^1/well volumes. After 1/2 hour, the plate was washed three times with TBS 
(25 mM Tris-Cl, 0. 1 5 M NaCl, pH 7.2). One hundred microliters of ATTOPHOS 
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fluorescent substrate (JBL) was added to each well and the plate was incubated at room 
temperature for 1 hour before fluorescence readings were taken using a Perkin-Elmer 
Cytofluor-4000 set to excite at 450/50 nm and to and detect emission at 580/50 nm. 
Each assay was performed in triplicate and the standard deviation is represented by the 
5 black bar at the top of each column in the right panel of Figure 3 . The fluorescence 

intensity is indicated in arbitrary fluorescence units. In Figure 3, "A-D" indicates the use 
of structures 2A-2D, respectively in the structure probing assay. 

The results, shown in Figure 3, indicate that not only the mismatch between target 
DNA and probe, but also differences in secondary structure, leads to a better 
10 discrimination between wild type and mutant DNA. 

EXAMPLE 2 

Changes In DNA Secondary Structure Leads To 
Different Binding Abilities Between The Target DNA And The Capture Probe 

15 

The context of a target sequence {i.e., the length and identity of the flanking 
nucleic acid), can influence the secondary structure, and therefore the hybridization 
accessibility of the target segment. To illustrate this effect, a target segment of DNA was 
exposed, either with or without pretreatment with a restriction enzyme, to a capture probe 

20 that is complementary to a site that is unaffected by the restriction cleavage. The 

restriction enzyme BamRI was used to digest the 391 bp S'-fluorescein labeled fragments 
of katG DNA, either wild-type (Figure 2C) or the S315T mutant (Figure 2B), prepared as 
described in Example 1. The restriction enzyme shortens the 5 1 labelled fragment from 
391 nt to 256 nt. The capture probe is complementary to sequence located within the first 

25 50 nt of these katG DNA targets. Equal amounts of the DNA targets were used in all the 

reactions. The restriction digests included 2 pmoles of 5 '-Fluorescein labeled DNA, 10 jil 
of 10X BamHl buffer, 160 units of BamRI enzyme and H 2 0 to a final volume of 100 y\. 
The reactions were incubated at 37°C for 2 hours. After digestion, the hybridization 



- 142- 



assay was performed as described above, using the capture probe (SEQ ID NO: 10). The 
results are shown in Figure 4. In Figure 4, the amount of labeled target captured (as a 
target/probe complex) is shown for each target/probe complex examined (shown using 
arbitrary fluorescence units). In Figure 4, the following abbreviations are used: C 
5 (structure 2C); B (structure 2B); C/BamHI (tfamHI-digested structure 2C); B/BamHI 

(itamHI-digested structure 2B). 

The 2C DNA target (SEQ ID NO:3) has a site perfectly complementary to the 
capture probe, while the 2B DNA target (SEQ ID NO:2) has a single base mismatch near 
the middle of the region of complementarity with the capture probe. Despite this 

10 mismatch, discrimination between these two 391 nt DNAs (i.e., not digested with 

BamBI) by hybridization to this probe is very weak. As shown in Figure 4, the difference 
in the binding efficiency between wild type and mutant DNA after enzyme digestion is 
increased. Because the segment of the katG DNA to which the probe hybridizes is not 
cleaved by the enzyme, it can be concluded that it is the change in the folded structure of 

15 the target DNA that accounts for the change in the hybridization pattern. This shows that, 

while mismatches may enhance discrimination between nucleic acid variants, they are not 
necessary for discrimination between DNAs by hybridization. These results also 
demonstrate that variables other than the degree of complementarity (e.g., complete or 
partial) between the probe and target (e.g., the secondary and tertiary structure of the 

20 target) may provide a better means of discriminating between related sequences. 

EXAMPLE 3 

Hybridization Analysis Using Multiple Capture Probes For HCV Genotyping 

25 Because both mismatches and structures are used in the method of the present 

invention for discrimination between similar nucleic acids by hybridization, the patterns 
created by the use of a structure specific nuclease, e.g., CLEAVASE I nuclease can be 
used as a way of selecting regions likely to demonstrate different binding behaviors with 
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different variants. Because the CFLP method indicates the presence of structure in a 
DNA fragment of interest, and because the variations in the structures tend to be proximal 
to the actual sequence changes, choosing capture probes at or near the CFLP cleavage 
sites increases the probability of choosing a sequence that changes in accessibility in the 
5 different variants. Figure 5 shows a diagram depicting this means of probe selection as 

applied to the comparison of fragments from the Hepatitis C virus. In Figure 5, the left 
panel shows an fluoro imager scan of sequencing gel in which products of CFLP cleavage 
reactions are resolved next to a sequencing ladder generated using the same target DNA 
employed in the CFLP cleavage reactions. The middle panel provides an enlargement of 

10 sections of the gel shown in the left panel. The right panel provides the sequence of nine 

HCV probes (SEQ ID NOS:l 1-19); these probe were synthesized such that they 
contained a 5-biotin moiety. 

Five subtypes of HCV; la, lb, 2b, 2c, and 3a were analyzed using both the CFLP 
cleavage method, and cycle sequencing. The CFLP reactions were performed on each 

15 5'- fluorescein labeled amplification product from each HCV isolate as follows. Each 

CFLP reaction contained approximately 20 ftnole of the amplified product, 25 units of 
CLEAVASE I nuclease in 10 ^1 of IX CFLP buffer (10 mM MOPS pH 7.5, 0.05% 
TWEEN 20 and 0.05% NONIDET P40 non-ionic detergents) with 0.2 mM MnCl 2 . 
Reactions were assembled with all components except the enzyme and the MnCl 2 , heated 

20 to 95°C for 15 seconds, then cooled to the reaction temperature of 55°C. The cleavage 

reactions were started with the addition of the enzyme and the MnCl 2 , and incubated for 2 
minutes. The reactions were terminated by the addition of 4 jil of 95% formamide with 
10 mM EDTA and 0.02% Methyl Violet. The products were heated at 85°C for 2 min, 
and aliquots were resolved by electrophoresis through 10% denaturing polyacrylamide 

25 gel (19:1 cross link) with 7 M urea in a buffer of 45 mM Tris-B orate, pH 8.3, 1 .4 mM 

EDTA. The gel was visualized using the FMBIO-100 Image Analyzer (Hitachi). 

The CFLP patterns for these HCV subtypes are shown in Figure 5. Different 
subtypes of HCV give different CFLP patterns, which means that they also have different 
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internal secondary structure. Probes were designed to detect structure differences 
between the la, lb, 2c and 3a HCV subtypes. The capture probes are shown in the right 
panel of Figure 5. The region to which each of these HCV capture probes can bind along 
the sequence of the HCV targets is shown in Figure 6. In Figure 6, the location of the 
probe binding regions are indicated using bold type, underlining and by placing the probe 
designation above the sequence. The consensus HCV sequence (SEQ ID NO:20), and the 
sequence of HCV subtypes la, lb, 2c and 3a (SEQ ID NOS: 20-23, respectively) are 
provided. 

The capture probes (SEQ ID NOS:l 1-19) were synthetically labeled with biotin at 
their 5 f end and purified by gel-electrophoresis. The HCV target DNA was labeled with 
fluorescein at the 5 f end of the antisense strand by PCR using a 5 - fluorescein labeled 
primer. The primers employed for the amplification of HCV target DNAs were: 5' primer: 
S'-Fl-CTCGCAAGCACCCTATCA (SEQ ID NO:24) and 3' primer: 
S'-GCAGAAAGCGTCTAGCCATGG (SEQ ID NO:25). The PCR reactions included 5 
ng of plasmid DNA template, IX PCR buffer (Boehringer Mannheim), 200 mM of each 
dNTP, 0.5 mM of each primer (SEQ ID NOS:24 and 25), 5 units Taq DNA polymerase 
(Boehringer Mannheim) and water to a final volume of 100 jj,1. The PCR cycling 
conditions were: 95°C for 45", 55°C for 45", and 72°C for 1', for 30 cycles followed by a 
72°C for 5' extension and a 4°C soak. The resulting 244 bp PCR products (SEQ ID 
NOS:26-29 for types la, lb, 2c and 3a, respectively) were purified using "High Pure PCR 
Product Purification Kit" (Boehringer Mannheim) and eluted in dH 2 0 according to the 
manufacturer's instructions. The same amount of DNA, based on optical absorbance, was 
used for each sample in the capture assay. Structure probing analysis on 
streptavidin-coated 96-well micro-titer plates was performed as described above. Each 
assay was performed in triplicate and the standard deviation is shown as a black bar at the 
top of each column in Figure 7. The results are shown in Figure 7. 

The column graphs of the measured fluorescence intensity for the complexes 
between each probe and a given target constitute a characteristic "signature" that is 
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distinctive for each HCV subtype. The effects of structure can be illustrated by 
examining the signal strengths from targets binding to probe #40 (SEQ ID NO: 16). 
While both the lb and 3a targets are completely complementary to probe #40, the 3a 
target shows nearly undetectable signal, while the type lb target signal is very strong. 
The binding of probe #251 (SEQ ID NO:12) to the HCV targets shows similar signal 
variation even though this probe is completely complementary to all four of the HCV 
subtype targets. 

EXAMPLE 4 

Effect Of Temperature On Structure Probing With Oligonucleotides 
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Most traditional hybridization methods have a small window of temperature (Le., 
about less than 10°C) in which to produce the expected discrimination between targets. 
The structure probing analysis of the four HCV subtypes (describe above) under different 
hybridization temperatures was performed to examine the effect of temperature on both 
5 the secondary structure of DNA and the stability of the probe/target complex. Three 

different temperatures were used; room temperature (approx. 20 to 25°C), 37°C and 
50°C. 

The profile of the HCV subtypes la, lb and 3a are shown in Figure 7. The 
profiles of the HCV subtype lb are shown in Figure 8B. The profiles of the HCV 

10 subtype 3a are shown in Figure 8C The hybridization profiles of these three HCV 

subtypes over a 25°C range of temperature (~25-50°C) are shown in Figures 8A-8C (the 
numbers below each column indicates the capture probe employed; note the change in 
scale for each temperature tested). The profiles for these three HCV subtypes are 
essentially the same over the 25 °C range of temperature tested. However, the higher the 

15 temperature employed, the less stable the probe-DNA target binding becomes, so the 

overall fluorescence intensity was reduced. These results show that the discrimination 
capability of the structure probing method is very robust, maintaining consistency over a 
broad range of temperature. 

20 EXAMPLE 5 

Structure Probing Analysis Of HCV Clinical Isolates 

Structure probing analysis of HCV clinical isolates at a room temperature 
hybridization temperature was performed to examine the feasibility of developing a 
25 diagnostic test for HCV genotyping. Twelve HCV amplification products generated from 

clinical samples were obtained (Molecular Pathology Dept, Univ. of Wisconsin Clinics, 
Madison, WI) and employed in the structure probe assay. These targets were RT-PCR 
products of viral RNA from different patient samples amplified using the Amplicor HCV 
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detection kit (Roche Molecular Systems, Alameda, CA). Further PCR reactions were 
performed on these clinical amplification products using the primer pair described in 
Example 4 (SEQ ID NOS:24 and 25) to create ds PCR products comprising 5' fluorescein 
labels on the anti-sense strands. The PCR conditions were as described in Example 4. 

5 The resulting HCV targets were employed in the structure probing assay which was 

carried out as described in Example 1 . 

The resulting profiles were sorted by type (based on the profiles determined for 
the HCV subtypes as described in Examples 3 and 4 and Figure 7) and are shown in 
Figures 9A-9D (the types were independently determined by single pass DNA 

10 sequencing. The resulting partial sequences, sufficient to identify types are as follows: 

#67 (SEQ ID NO:30), #69 (SEQ ID NO:31), #72 (SEQ ID NO:32), #73 (SEQ ED 
NO:33), #74 (SEQ ID NO:34), #81 (SEQ ID NO:35), #85 (SEQ ID NO:36), #86 (SEQ 
ID NO:37) and #91 (SEQ ID NO:38). 

The profiles for four different amplicons of HCV type la are shown in Figure 9A 

15 (#69, #72, #73 and #85) and all have a profile similar to the type la profile shown in 

Figure 7. The profiles of three different amplicons of HCV type 3a are shown in Figure 
9B (#81, #91 and #95) and their profiles are all similar to each other and to the type 3a 
profile shown in Figure 7. The profile of an amplicon of HCV type 2c (#67) and an 
amplicon of HCV type 2b (#74) are shown in Figure 9D. The profiles for two amplicons 

20 of HCV lb are shown in Figure 9C (#66 and #86). 

The profile for amplicon #86 was more similar to that of type la rather than type 
lb. Based on CFLP analysis, amplicon #86 was classified as type lb. However, using 
the probe set shown in Figure 9C, the hybridization profile obtained in the structure 
probing assay appeared more similar to that of type la. Sequence analysis showed that 

25 there is an extra mutation in this sample, which changed its hybridization response to 

probe #40, creating a profile more like that of type la. Based on this T to C mutation in 
amplicon #86, an additional capture probe having a sequence completely complimentary 
to amplicon #86 was tested (probe #53; SEQ ID NO: 19). A structure probing assay using 
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the amplicon #86 target and capture probe #53 generated a profile similar to a more 
typical type lb profile. These results demonstrate that additional information concerning 
the structure of the amplicon #86 target was obtained using the structure probing assay. 

These data demonstrate that an unknown {i.e., uncharacterized) set of HCV 
isolates can be identified by HCV type through the use of the structure probing assay, 
with comparison of the resulting profiles to those of previously characterized isolates 
{i.e., reference profiles). 

It is clear from the above that the present invention provides methods for the 
analysis of the characteristic conformations of nucleic acids without the need for either 
electrophoretic separation of conformations or fragments or for elaborate and expensive 
methods of visualizing gels {e.g., darkroom supplies, blotting equipment or fluorescence 
imagers). The novel methods of the present invention allow the rapid identification of 
variants {e.g., mutations) within human genes as well as the detection and identification 
of pathogens in clinical samples. 

Thus, the previous Examples that oligonucleotide binding is affected by the 
formation of an occlusive structure in the target DNA. In each of these cases, the 
oligonucleotides used to bind and capture the target nucleic acid were designed to be 
substantially complementary to a single region of the target. The following two 
Examples demonstrate the use of oligonucleotides that are designed to interact with 
multiple, non-contiguous regions of the target DNA. In some embodiments of the 
methods of the present invention, the oligonucleotides {i.e., bridging oligonucleotides) 
are designed to interact with regions that are brought into close proximity by the 
formation of folded structure in the target strand. By using short sections of 
complementarity on either side of the connecting segment, it is intended that the bridge 
oligonucleotides be dependent on the binding of both of the sections of complementarity, 
and that changes in, or the absence of, the intervening folded structure cause a significant 
change in the affinity between the bridge oligonucleotide and the target DNA. 
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EXAMPLE 6 

Size of Complementary Regions Affects the Ability of Bridging Oligonucleotides to 
Discriminate Between Targets That Contain Identical Regions of Complementarity, 

But Different Folded Structures 

5 

In this Example, the effect of length of complementarity on each side of the 
bridge oligonucleotides on the ability of the bridge oligonucleotide to distinguish 
between test molecule #80, 81 and 82 (SEQ ID NOS:39-41) was examined. As noted 
above, these oligonucleotides have identical regions of complementarity to which the 

10 bridge oligonucleotides of this Example may hybridize. The bridge oligonucleotides 

used in this test are shown in the lower half of Figure 1 1 A, arranged in the orientation in 
which they would hybridize to test molecule #80 (SEQ ID NO:39). Three bridging 
oligonucleotides, shown as #78, #4 and #79 (SEQ ID NOS:42, 43, 44), were used, and 
these had 6, 7 or 8 nucleotides of complementarity, respectively, to each side of the 

15 hairpin formed in target #80 (SEQ ID NO:39). The two regions of target 

complementarity were separated by a pair of thymidine nucleotides in each 
oligonucleotides to provide additional flexibility to the three-leg junction (Zhong et al, 
Biochem., 32:6898 [1993]; and Yang et al t Biochem., 35:7959 [1996]). All the 
biotinylated oligonucleotides were gel-purified after synthesis using the standard 

20 oligonucleotide purification methods. 

In these hybridization analyses, the capture probes were bound to the target 
DNAs in solution and then immobilized on a solid support, as described in the previous 
Examples. For each of these tests (each of the three bridge oligonucleotides listed above 
was tested on each of the three test molecules), a 150 ^1 hybridization mixture was 

25 assembled containing 20 fmols of a fluorescein-labeled test molecule as depicted in 

Figure 10 (SEQ ID NOS:39-41), 1.5 pmole of one of the biotinylated capture probe 78, 4 
or 79 (SEQ ID NOS:42-44), 10 mg/ml tRNA and 0.2% acetylated BSA, in 150 ml of 
4.5X SSPE. The mixture was incubated at room temperature for 30 min. 
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Aliquots (100 ul) of the mixtures were then transferred to wells in a 
streptavidin-coated 96-well plate (Boehringer Mannheim) and incubated at room 
temperature for 20 min. The plate was then washed three times with TBS (25 mM 
Tris-Cl, 0.15 M NaCl, pH 7.2) with 0.01% TWEEN-20 non-ionic detergent. Then, 100 
5 |il of a 1:5000 dilution of 0.75 u/ml anti-fluorescein antibody conjugated with 

alkaline-phosphatase in 0.2% I-block buffer (Tropix, Bedford, MA) was added to each 
well. After 20 min at room temperature, the plate was washed three times with TBS with 
0.01% TWEEN-20. Then, 100 ^1 of Attophos fluorescent substrate (JBL, San Louis 
Obisbo, CA) were added to each well and the plate was incubated at 37°C for 1 hour, 

10 before fluorescence readings were taken using a Perkin-Elmer Cytofluor-4000 set to 

excite at 450/50 nm and to and detect emission at 580/50 nm, Each assay was performed 
in duplicate and the standard deviation is represented by the black bar at the top of each 
column in the right panel of Figure 12. In this Figure, the fluorescence intensity is 
indicated in arbitrary fluorescence units. 

15 The results, shown in Figure 12, indicate that the bridging oligonucleotide #79 

(SEQ ID NO:44), having 8 bases pairing to each side of the hairpin in the DNA target, 
gives better binding activity to the target DNA than oligonucleotides that have 7 bases 
pairing (#4; SEQ ID NO:43), which is better than oligonucleotides that have only 6 bases 
pairing (#78; SEQ ID NO:42). Furthermore, the oligonucleotides with the shorter 

20 flanking sequences did not show any significant difference in binding to the different test 

molecules, indicating that the presence or absence of structure was immaterial to their 
binding under these test conditions. In contrast, the oligonucleotide with the 8 bp flanks 
had a 6 to 7 -fold higher affinity for the folded molecules #80 (SEQ ID NO:39) and #81 
(SEQ ID NO:40), when compared to the unstructured #82 (SEQ ID NO:41) molecule. 

25 This demonstrated that bridge oligonucleotides are suitable for the assessment of 

differences in folded structure of a target molecule, in contrast to previous reports 
(Francois et aL 9 Nucl. Acid. Res. 22: 3943 [1994]). 
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While the 8-bp flanks are clearly the preferred size in this experimental system, 
the absolute number of basepairs required for any particular bridge oligonucleotide 
system may vary other factors affecting the stability of the interaction, as discussed 
above, such as with the G-C content of the hybridization site, the temperature and 
5 solution conditions under which the reaction is performed, and the nature of the structure 

to be bridged. Thus, it is contemplated that in some systems, bridge oligonucleotides 
comprise any appropriate length suitable for the assay system. 

EXAMPLE 7 

1 0 Bridging Oligonucleotides 

In this Example, two schemes were investigated in order to determine how the 
bridging oligonucleotide might bind to the targeted hairpin structure, as illustrated in 
Figure 1 IB. Although an understanding of the mechanism is not necessary in order to 

15 make and use the present invention, nor is it intended that the present invention be limited 

to any particular mechanism, one possibility is that one bridging oligonucleotide 
molecule binds to one DNA target molecule, as diagrammed in the top half of the Figure. 
A second possibility is that two or more of the bridging oligonucleotide molecules bind 
to one DNA target molecule, with the apparent increase in signal resulting from the 

20 presence of two biotin moieties on the complex facilitating binding or detection, rather 

, than successfully spanning of a structure by a single bridge oligonucleotide. 

To differentiate these two possibilities, two additional oligonucleotides were 
synthesized (oligonucleotide #1 14 and #115 [SEQ ID NOS:45 and 46, respectively]), as 
shown in Figure 1 IB. Oligonucleotide #1 14 (SEQ ID NO:45) is almost identical to #79 

25 (SEQ ID NO:44), except that two mutations have been introduced in such way that it 

cannot hybridize to the right side of the hairpin on the target DNA. Similarly, 
oligonucleotide #1 15 (SEQ ID NO:46) is a version of #79 (SEQ ID NO:44) having two 
base mutations so that it can't hybridize to the left side if the hairpin on the target DNA. 
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If the ability of oligonucleotide #79 (SEQ ID NO:44) to bind to the folded molecules is 
truly dependent on a single oligonucleotide bridging the structure then neither of the 
'pseudo' bridge oligonucleotides, #1 14 or #1 15 (SEQ ID NOS:45 and 46, respectively), 
should be able to perform in this way. However, if the increased binding is in fact due to 
the presence of two copies of # 79 (SEQ ID NO:44), which would be arranged as 
depicted for #1 14 and #1 15 (SEQ ID NOS:45 and 46, respectively) in the bottom half of 
Figure 1 IB, then #1 14 and #115 (SEQ ID NOS:45 and 46, respectively) used together 
should give the same result. 

In addition to the test of the bridging function, the necessity of the spacing 
thymidines in the center of each bridge oligonucleotide was assessed. An oligonucleotide 
having the same complementary flanking sequences as oligonucleotide #79, but lacking 
the two Ts in the middle, was created. This oligonucleotide (#1 16 [SEQ ID NO:47]), is 
depicted in the bottom half of Figure 1 1 A. In addition, to test the necessity of having a 
physical linkage between the binding halves of #79 (SEQ ID NO:44), to half molecules 
were created, each having complementarity to one of side of the test molecules, #117 
(SEQ ID NO:48) to the right side and #1 18 (SEQ ID NO:49) to left side, as depicted in 
Figure 1 1 A, and each having one of the two spacer T residues. Finally, two 10-mer 
oligonucleotides were created, each with sufficient contiguous complementarity to bind 
without any bridging activity. One of these was complementary to the left flank (#FD91; 
SEQ ID NO:50), which is unstructured in all cases, while the other was complementary to 
the sequence involved in the structures of the folded test molecules (#2; SEQ ID NO:51). 
These are depicted in the top half of Figure 1 1 A. 

The hybridization analyses were performed as described in Example 6, except that 
15 fmoles of the fluorescein labeled test molecules were used, and the amount of bridge 
oligonucleotide was held to a total of 1.5 pmole when #1 14 and #115 (SEQ ID NOS:45 
and 46, respectively) were used in combination. The results are shown in Figures 13 A 
and 13B. 

Taking the results in reverse order: the 10-mer control oligonucleotides showed 
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the expected profiles in binding i.e., the oligonucleotide complementary to the 
unstructured region, #FD91 (SEQ ID NO:50), bound with nearly equal affinity to each of 
the test molecules, while the oligonucleotide complementary to the portion that forms 
structure in molecules #80 and #81 (SEQ ID NOS:39 and 40, respectively) bound well 
only to unstructured test molecule #82 (SEQ ID NO:41). This further illustrates that 
structure alone is an important determinant in the binding of the capture probes in 
embodiments of the methods of the present invention. 

When the oligonucleotide without any spacer residues, #116 (SEQ ID NO:47), 
was tested for its ability to bind the test molecules, it was found that this oligonucleotide 
could not distinguish between the folded and unfolded molecules (See, Figure 13 A). This 
demonstrated that hybridization across structures is greatly enhanced by the presence of 
some spacing material between the segments of complementarity. 

Finally, the results of testing the pseudo bridge oligonucleotides, separately and in 
combination, are shown in Figure 13B. It can be seen by these data, that oligonucleotides 
#114 and #115 (SEQ ID NOS:45 and 46, respectively) are not capable, either alone or in 
combination, to duplicate the binding profile of the true bridge, #79 (SEQ ID NO:44). 
The enhanced binding to the unstructured test molecule #82 (SEQ ID NO:41) is possibly 
attributable to the accessibility of this molecule for binding both oligonucleotides. Note 
that the fluorescence signal seen with the combination of #s 1 14, 1 15 and molecule #82 
(SEQ ID NOS: 45, 46, and 41, respectively), about 650 fluorescence units, is nearly 
identical to the signal seen when #79 (SEQ ID NO:44) is combined with #82 (SEQ ID 
NO:41). This supports the idea that two copies of #79 (SEQ ID NO:44) may be involved 
in creating the signal with # 82 (SEQ ID NO:41). 

It is clear from the above that the present invention provides methods for the 
analysis of the characteristic conformations of nucleic acids without the need for either 
electrophoretic separation of conformations or fragments or for elaborate and expensive 
methods of visualizing gels (e.g., darkroom supplies, blotting equipment or fluorescence 
imagers). The novel methods of the present invention allow the rapid identification of 
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variants (e.g., mutations) within human genes as well as the detection and identification 
of pathogens in clinical samples. 

The previous examples demonstrated the use of bridging oligonucleotides to 
capture specific target molecules through hybridization to non-contiguous complementary 
5 sequences. However, the use of bridging oligonucleotides is not limited to hybrid 

capture. Bridging oligonucleotides hybridizing to folded target molecules can be used in 
place of standard oligonucleotides in almost any application, including applications in 
which enzymes modify probes that have found their target complement. Such enzymatic 
modifications include, but are not limited to primer extension, ligation and structure- 

10 specific nuclease cleavage. It will easily be appreciated by those skilled in the art that 

performance of bridging oligonucleotides in these basic enzymatic reactions is indicative 
of their utility in assays that are based on reiterative performance of these reactions, 
including but not limited to cycle sequencing, polymerase chain reaction, Hgase chain 
reaction, cycling probe reaction and the INVADER invasive cleavage reaction. The 

15 examples below demonstrate the use of bridging oligonucleotides in each of the basic 

enzymatic reaction systems. 

EXAMPLE 8 

Analysis of Folded Structures of a Hepatitis C Virus-Derived Amplicon 
20 and Design of Bridging Oligonucleotides 

The process of identifying candidate structures for bridging with probes involves 
i) pinpointing all modification or cleavage sites; ii) predicting a set of most probable 
structures, and selecting those that fit with the specificity of the modification means; and 
25 iii) designing and testing probes to span the most probably structures. If desired, the 

information deduced at step ii) can be confirmed by deletion analysis such as PCR 
walking, or any equivalent method that allows the selective repression or removal of one 
half of a suspected basepair from interaction. 
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This stepwise approach is illustrated here for a 244 nt amplicon derived from 
HCV type la. The identification of the cleavage sites in all four types of HCV amplicon 
is described in Example 3. Figure 15 shows sequence of 5' UTR region of HCV 
genotypes la, lb, 2a/c and 3a with marked cleavage sites. Note that the designations 2a 
5 and 2a/c are used interchangeably throughout, and refer to the same HCV viral type, the 

amplicon of which is SEQ ID NO:22. 

The type la sequence as then subjected to folding predictions using the mfold 
version 2.3 program, which is available either through Genetics Computer Group 
(Madison, WI) or through public access to the authors' web site (the wustl.edu web site, 

10 zukerpage). Folding was done with using either DNA or RNA parameters with a 

selected folding temperature of 37°C. The output was set to include the optimal structure 
(lowest free energy) and any structure with a 20 percent or lower increase in calculated 
free energy (termed a "suboptimality of 20%"). All other program parameters used the 
default values. Folding with the RNA parameters generated 32 possible structures, while 

15 the DNA parameters gave 18 structures. Two of the structures predicted with the RNA 

parameters showed the best agreement with the cleavage data from the CFLP analysis. 
These structures, the first and the thirtieth out of 32, are depicted in Figures 16A and 16B. 

Structures predicted by the above analysis can be confirmed through the use of 
CFLP analysis on fragments that delete the putative downstream pairing partner (Brow et 

20 al, supra). This approach, termed PCR walking, is illustrated here by the confirmation 

of the pairing partner responsible for the CFLP cleavage at position 161 in the HCV type 
la 244 nt amplicon. The mfold program predicted a structure that paired a G at 161 with 
a C at position 205 (Figure 17 A, left conformer). To confirm this two deletion amplicons 
were made. Each amplicon was 205 nt long. One included the C205 at the 3 ! end, while 

25 the other substituted a T at 205 to disrupt the basepair. PCR was conducted as described 

in Example 3, except the downstream primers 67 (SEQ ID NO:67) and 68 (SEQ ID 
NO:68) were substituted for (SEQ ID NO:25) used to amplify the full length amplicons. 
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The resulting DNAs were purified and subjected to CFLP analysis, resolved and 
visualized as described in Example 3. The resulting image is shown in Figure 17B. The 
identity of residue 205 in the deletion fragments is indicated above each lane, and the 
sizes of selected cleavage bands, as determined by comparison to a sequencing ladder in 
5 Example 3, are indicated on the right. 

Focusing on the band that was the subject of this analysis, at 161 nt, it can be seen 
that the amplicon having the natural 205C maintained the 161 cleavage, while disruption 
of this base pair in the 205T fragment caused a loss of that band, thus supporting the 
existence of the 161/205 interaction. It should be noted that it is possible that the 205 nt 

10 base does not interact directly with the 161G, and that the C to T change caused a 

conformational change elsewhere, which altered the 161 -containing structure as a 
secondary effect. While this is less likely, the possibility should always be kept in mind 
when analyzing the data, especially if unexpected results arise. Not surprisingly, the 
deletions and mutations also give rise to pattern changes elsewhere in the pattern, 

1 5 indicating how little change is required to be detectable by CFLP. 

Based on the combined CFLP, infold, and PCR walking data, three of the most 
likely conformations for this region were chosen and three bridge oligonucleotides were 
designed to span the structures. These are shown schematically in Figure 17C. The ff b" 
(SEQ ID NO:53) and "n" (SEQ ID NO:65) variants address essentially the same 

20 conformation with a difference related to the small central stem. Though predicted by 

mfold y the presence of this structure is not predicted by the CFLP pattern for the 244-mer 
(Figure 17A, right lane). Consequently, bridge probes were designed that either spanned 
that structure ("n"; SEQ ID NO:65) or that complemented the 8 contiguous bases 
upstream of the larger stem ("b"; SEQ ID NO:53). The "m" (SEQ ID NO:64) bridge 

25 probe was designed to cross the base of the single stem of the other conformer. Each of 

the these probes was tested for binding to the HCV la amplicon as described in Example 
6. While the V (SEQ ID NO:64) and V (SEQ ID NO:65) probes failed to capture 
significant amounts of target, the "b" (SEQ ID NO:53) probe was found to be effective, as 
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will be illustrated in the following examples. 

Using the "b" oligonucleotide (SEQ ID NO:53) as a model, a number of variant 
bridges were designed to compare the effects of different intervening sequences in the 
probes and on the inclusion of mismatches in either contact sequence. These bridge 
probes are diagrammed schematically as they would align with the HCV la predicted 
structure are shown in Figure 18 A. The connecting line in the center of the "k" probe 
(SEQ ID NO:56) indicates that the two portions are linked directly together without any 
intervening sequence. Modifications to the intervening region included the use of 
alternative nucleotides in to link the contact sequences and the omission of additional 
intervening nucleotides. A mismatch was included in the middle of either of the two 
contact sequences to assess whether the binding of both is necessary for capture. 

The 244 bp target DNAs were created by PCR and isolated as described in 
Example 3 (SEQ ID NOS:26-29 for types la, lb, 2c and 3a, respectively). The capture 
probes were synthetically labeled with fluorescein at their 5 ? end and purified by gel- 
electrophoresis. The target DNA was labeled with biotin at the 5' end of the antisense 
strand. Each of the these probes was tested for binding to the of the HCV amplicons (as 
shown schematically in Figures 18A-18D), as described in Example 6. Each assay was 
performed in duplicate and the standard deviation is represented by the black bar at the 
top of each column in Figure 19. The fluorescence intensity is indicated in arbitrary 
fluorescence units, shown on the left side of each chart panel. The probe included in each 
capture reaction are indicated below each graph column. A control probe not shown in 
the schematic diagram (49-3; 5' Fl - GCGAAAGGCCTTGTGG; SEQ ID NO:66) that 
hybridizes to all HCV variants was used with each target to verify the presence and 
amount of DNA in each reaction. The rightmost column in each panel shows the signal 
from the control reaction. 

These data show that functional bridge oligonucleotides may be designed with 
different intervening sequences, or without any intervening sequence at all ("k"; SEQ ID 
NO:56), although those having extra nucleotides showed greater signal in most tests. The 
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low signal seen when a mismatch is included on either side verifies that both contact 
sequences participate in the binding. It is interesting to note that the signal from 
oligonucleotide "i" (SEQ ID NO:54) is greater than "b" (SEQ ID NO:53) in the type 2a/c 
test. Examination of this junction in Figure 18C shows that this type has a C to T change 
5 relative to the type la, a T that may interact with one of the A residues in the intervening 

sequence of the "i" probe (SEQ ID NO:54), thereby strengthening the interaction. It can 
be seen here and in later Examples, that this bridging design does not interact well with 
the type 3a amplicon, suggesting that this may not be a favored conformation for this 
particular variant. Nonetheless, these data demonstrate the flexibility available to the user 
10 in designing suitable bridging probes. 

EXAMPLE 9 

Primer Extension of Bridging Oligonucleotides 

15 

The folding of the 244 bp DNA copy of a segment of the hepatitis C viral genome 
is described above. The bridging oligonucleotides designed to hybridize across the 
deduced structures were used in a primer extension reaction to show that the presence of 
folded structures within the target would not prevent extension of the probe by a 

20 template-dependent DNA polymerase. The 244 bp target DNAs were created by PCR 

and isolated as described in Example 8. The bridging primers (a, b, c, d, and e, SEQ ID 
NOS:52, 53, 57, 58, and 59, respectively) are shown in Figure 20A as they would be 
expected to hybridize to a folded structure of the HCV type la amplicon. The 
oligonucleotide indicated as "a" (SEQ ID NO: 52), while it may have some 

25 complementarity that suggest it may serve as a bridge in some conditions, was designed 

as a non-bridging primer, intended to fully-hybridize to a non-folded target. This is 
shown schematically in Figure 20B. 

Each primer extension reaction contained either 50 finole of the 244 bp target 
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DNA or 10 ng of human genomic DNA (Novagen #69237-1, Madison, WI) , 1 pmole of 
the fluorescein-labeled bridge oligonucleotide, 5 units of KlenTaq polymerase (Ab 

Peptides), and 0.1 mM of each dNTP in 10 ^1 of IX PCR Buffer containing Mg 4 "* 

(Boehringer Mannheim). The assembled reaction mixtures with all the components were 

5 heated to 95 °C for 2 minutes, then cooled to the 40°C for 1 hour. The reactions were 

terminated by the addition of 5 jjl of 95% formamide with 10 mM EDTA and 0.02% 
Methyl Violet. The samples were then heated at 90°C for 1 minute, and aliquots were 
resolved by electrophoresis through 10% denaturing polyacrylamide (19:1 cross link) 
with 7 M urea in a buffer of 45 mM Tris-Borate, pH 8.3, 1.4 mM EDTA. The gel was 

10 visualized using an M.D. Scanner (Molecular Dynamics, Sunnyvale, CA). The resulting 

image is shown in the panel of Figure 21 . 

The target DNAs and the bridging primer/probe used in each reaction are 
indicated. The product of primer extension is indicated by an arrow on the left of the 
panel as a 170 bp band. It can be seen from these data that the "b" bridging 

15 oligonucleotide (SEQ ID NO:53) is able to prime synthesis on the folded HCV target of 

from all viral types, generating essentially the same level of signal as the non-bridging 
"a" primer (SEQ ID NO: 52). Examination of the first (left most) lane, in which human 
genomic DNA was used in place of the HCV target shows little or no non specific 
priming, demonstrating the specificity of the primers for the HCV folded sequence. 

20 When single base mismatches are introduced on either side of the bridge (as in "c" and 

"d" primers; SEQ ID NOS:57 and 58, respectively) the signal is dramatically reduced. 
When only the 3 f portion of the bridging primer is provided ("e"; SEQ ID NO:59) the 
extension is also nearly non-existent. These data demonstrate: a) that both 
complementary portions of these bridging oligonucleotides are required for the primers 

25 extension, demonstrating that the oligonucleotide is truly bridging; and b) that bridging 

oligonucleotides with no more than eight contiguous nucleotides of complementarity in 
single region can be used to specifically recognize an HCV viral sequence by use of its 
folded structure. 
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Above, the performance of a non-bridging oligonucleotide {i.e., an 
oligonucleotide that hybridizes to a region of contiguous, complementary bases in the 
target strand), was compared to the performance of the bridging oligonucleotides to 
assess the effect of the folded target structure on the enzyme activity. However, at 
elevated temperatures the folded structures may denature, reducing the binding efficiency 
of the bridging oligonucleotide relative to the non-bridging oligonucleotide. To 
demonstrate this effect, primer extension experiments were performed at a range of 
temperatures selected to decrease the presence of such structures as diagrammed in 
Figure 22. 

For this test, only the bridging, the non bridging and the half primer ("a", "b" and 
"e"; SEQ ID NOS:52, 53, and 59) were tested. Each primer extension reaction contained 
50 fmole of the 244 bp target DNA, 1 pmole of the fluorescein-labeled bridge 
oligonucleotide, 5 units of YAenTaq polymerase (Ab Peptides) and 0.1 mM of each dNTP 
in 10 ml of IX PCR Buffer containing Mg++ (Boehringer Mannheim). Reaction 
mixtures with all the components were heated to 95°C for 2 minutes, then cooled to the 
various extension temperatures for 1 hour. Reactions were performed at 40°C, 45°C, 
50°C, 55°C and 60°C. The reactions were terminated by the addition of 5 ml of 95% 
formamide with 10 mM EDTA and 0.02% Methyl Violet. The products were heated at 
90°C for 1 minute, and aliquots were resolved by electrophoresis through 10% denaturing 
polyacrylamide gel (19:1 cross link) with 7 M urea in a buffer of 45 mM Tris-Borate, pH 
8.3, 1 .4 mM EDTA. The gel was visualized using the M.D. Scanner (Molecular 
Dynamics, Sunnyvale, CA). The resulting image is shown in the panel of Figure 23. The 
temperatures (°C) and the primers used for each reaction are indicated above each lane. 

The extended products are indicated by an arrow on the left side of the panel as a 
170 bp band. It can be seen from these data that the non-bridging oligonucleotide ("a"; 
SEQ ID NO:52) can prime synthesis at each of the test temperatures. The bridging 
oligonucleotide ("b"; SEQ ID NO:53), however, loses its ability to prime synthesis as the 
temperature of the reaction rises. This further demonstrates that the bridging 
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oligonucleotides require the presence of the fold within the target strand. This also shows 
that the use of target folded structure to either support bridging oligonucleotide binding, 
or to allow structure-based discrimination of sequences as described in previous 
examples, is preferably done at lower temperature that those used for non-bridging 
5 applications. The precise temperature required to maintain a given structure will vary 

widely depending on the size and stability of a given structure, but a simple temperature 
titration such as is shown here will serve to identify optimal reaction conditions. 

It will be appreciated by those skilled in the art that the target dependent extension 
of a bridging oligonucleotide can be adapted to the polymerase chain reaction method of 

10 target sequence amplification, using standard methods with minimal adaptation. In a 

PCR, either or both of the primers may be selected to perform the initial target 
recognition through the specific recognition of non-contiguous sequences. A schematic 
representation of a reaction in which both primers are thus configured in shown in Figure 
34. This is a simplified version of a PCR diagram that does not show all products at each 

15 step; the products shown are selected to demonstrate the manner in which a pair of 

bridging oligonucleotides may be designed. This example as described is intended as an 
illustrative example and not as a limitation on the mechanisms of application of the 
present invention. As shown in 34a, the first strand would be copied from a folded target 
strand as described above. The bridging oligonucleotide would anneal to the target at low 

20 temperature (relative to the temperature at which strand extension takes place). As the 

temperature of the reaction increases toward a chosen extension temperature (Figure 
34b), the folded structures would be disrupted, but the now partially extended primer 
would not disassociate due to its increased length. This would allow the polymerase to 
fully extend the primer, creating a double strand (Figure 34c). In the next PCR cycle, 

25 after the strands have been denatured by heating, and the reaction has again cooled to an 

appropriate annealing temperature, the newly synthesized strand would likewise assume 
distinct folded structures, which can serve as binding sites for a second bridging primer 
(Figure 34d). When the second primer is fully extended it would fill in the original 
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bridging oligonucleotide with perfectly complementary sequence. In subsequent cycles 
of the PCR, the former bridge oligonucleotides would now operate as standard, fully 
complementary oligonucleotides, amplifying the target region between the 3 f ends of the 
original binding sites. The resulting flanking sequences added by the bridge 
5 oligonucleotides would be unique to the bridge sequences. 

The selection of conditions for using bridging primers in PCR is not dissimilar in 
reactions designed to use mismatched or degenerate oligonucleotides (Compton, in PCR 
Protocols, Innis et ah (Eds.), [1990], at p. 39). In the first few cycles of PCR it would be 
desirable to use an annealing temperature that would be permissive of the bridge contact 

10 formation. This reaction temperature could be determined empirically for any bridge 

oligonucleotide by a number of methods known in the art, including direct measurement 
(e.g., in a temperature controlled spectrophotometer), or by the use of the methods 
presented here, such as by plate capture, described in numerous examples above, or by 
temperature titration, as described in this Example. The principles of oligonucleotide 

15 design for maximum specificity are also similar to standard practices known in the art. 

For example, for maximum specificity of PCR oligonucleotides, it is a common practice 
to skew the stability such that the 5 ! end of the oligonucleotides has a higher local 
stability and the 3' end has a lower local stability. Conditions (e.g., sufficiently high 
annealing temperature), are then selected so that the 3 1 terminal sequence is unlikely to 

20 successfully bind unless the 5' end also binds. This prevents mis-priming caused by 

unintended hybridization of the 3' terminal residues at non-target sites. 

The bridge oligonucleotides can be designed with a similar skew. In addition, it is 
contemplated that the bridge oligonucleotides be selected such that the 3' end is less 
stable (e.g., through the use of A/T base pairs or a short contact sequence) so that it is 

25 unlikely to find its target site without the successful binding of the other contact 

sequences, thereby increasing the discriminating power of the bride oligonucleotides in a 
PCR assay. 
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EXAMPLE 10 

Hybridization Analysis of the Bridge Oligonucleotide 
in Combination with a Flanking Oligonucleotide 



5 Several reactions using involving standard probes require hybridization of two or 

more oligonucleotides in close proximity. For example, a ligation reactions to join 
oligonucleotide probes requires that at least two probes hybridize adjacently (i.e., without 
a gap), on a target or template strand. The INVADER reaction requires oligonucleotides 
to hybridize either adjacently, or with one or more nucleotides of overlap. In both of 

10 these scenarios, the binding of adjacent sites on a complementary strand means that 

resulting individual duplex regions are cooperatively stabilized by the coaxial stacking of 
the helices. In other words, each duplex will be more stable, i.e., will have a higher 
apparent melting temperature, in the presence of the other than it would in isolation. In 
the hybridization-based discrimination of genotypes based on the stability of folded target 

15 structure, the increased stability of binding of the bridge probe may reduce the ability to 

discriminate, absent compensating changes in the design of the probe. 

To examine the effect of a neighboring oligonucleotide, hybridization capture 
tests were used on the bridging oligonucleotides and neighbor oligonucleotides designed 
for the ligation assay. The oligonucleotides were tested either alone, or in the pairs as 

20 they would be used in the enzymatic assays. For these tests the capture probes (SEQ ID 

NOS:52, 53, 60, and 66) were synthetically labeled with fluorescein at their 5 1 end and 
purified by gel electrophoresis. These probes are among those shown schematically in 
Figure 24, identified by lower case letter. The HCV target DNA was amplified by PCR 
as described in Example 3, but the 5' end of the antisense strand was labeled with biotin, 

25 instead of fluorescein. The primers employed for the amplification of HCV target DNAs 

were: 5' primer: 5'-B-CTCGCAAGCACCCTATCA (SEQ ID NO:24)~and 3' primer: 
5 f -GCAGAAAGCGTCTAGCCATGG (SEQ ID NO:25). The PCR reactions were 
performed as described in Example 3, and the resulting 244 bp PCR products (SEQ ID 
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NOS:20-23) for types la, lb, 2c and 3a, respectively) were purified using "High Pure 
PCR Product Purification Kit" (Boehringer Mannheim) and eluted in dH 2 0 according to 
the manufacturers instructions. The same amount of DNA was used for each sample in 
the capture assay. 

The hybridization analyses were similar to these described in previous examples. 
For each test, a hybridization mixture was assembled containing 20 finoles of 
heat-denatured, 244 bp HCV PCR product, 1 pmole each of the fluorescein-labeled 
bridge oligonucleotides and the ligation oligonucleotide probe depicted in Figure 24 ("b," 
"a," and "f \ SEQ ID NO:53, 52, and 62, respectively), and 0.01 mg/ml tRNA, in 100 ^1 
of a solution of 0.2% acetylated BSA, 4.5X SSPE. After incubating the mixture at room 
temperature for 30 min., the mixtures were transferred into wells of a streptavidin-coated 
96-well plate (Boehringer Mannheim) and incubated at room temperature for 30 min. 
The plate was then washed three times with IX PBS, with 0.01% TWEEN-20 non-ionic 
detergent, containing 0.2% I-Block (Tropix, Bedford, MA). A 1:5000 dilution of 0.75 
u/ml anti-fluorescein antibody conjugated with alkaline-phosphatase in 0.2% I-block 
buffer was added to each well. After 20 min at room temperature, the plate was washed 
three times with TBS (25 mM Tris-Cl, 0.15 M NaCl, pH 7.2). One hundred microliters 
of ATTOPHOS fluorescent substrate (JBL) was added to each well and the plate was 
incubated at room temperature for 1 hour before fluorescence readings were taken using a 
Perkin-Elmer Cytofluor-4000 set to excite at 450/50 nm and to and detect emission at 
580/50 nm. Each assay was performed in duplicate, and the standard deviation is 
represented by the black bar at the top of each column in Figure 25. In this Figure, the 
fluorescence intensity is indicated in arbitrary fluorescence units, shown on the left side 
of each chart panel. The probes included in each capture reaction are indicated below 
each graph column. A control probe not shown in the schematic diagram ("49-3"; 5 ! Fl - 
GCGAAAGGCCTTGTGG; SEQ ID NO:66) that hybridizes to all HCV variants was 
used with each target to verify the presence and amount of DNA in each reaction. The 
leftmost column in each panel shows the signal from the control reaction. 
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In addition, a comparison of bridging and non-bridging oligonucleotides for HCV 
capture was conducted. It can be seen by comparing the signals from the "a" (non- 
bridging) and "b" probes (SEQ ID NO:52 and 53, respectively), that the bridge 
oligonucleotide , having only 8 nts of uninterrupted complementarity to the target, binds 
5 to the targets with nearly the same affinity as the 18 nt, fully complementary 

oligonucleotide, demonstrating the efficacy of the bridge design. Each of the 
oligonucleotides binds most strongly to HCV type la, slightly less efficiently to types lb 
and 2a/c, and not very strongly to type 3a. The degree to which this differential binding 
is out of proportion to variations seen with the control oligonucleotide, particularly 

10 evident with type 3a, further illustrated the ability of these probes to differentiate types 

based on folding of the target nucleic acid. 

Effect of a neighboring oligonucleotide on the bridge binding signal. The Probe 
"g" (SEQ ID NO:60), a probe used in an INVADER cleavage assay and diagrammed in 
Figure 29, was included because it has the same target-complementary sequence as the 

15 "f 1 probe (SEQ ID NO:62), but it also has a 5' fluorescein label to allow it to serve as a 

capture probe, whereas "f ' does not, because it is intended for ligation. The "g" probe 
(SEQ ID NO:60) also comprises a short 5' tail of 4 T residues that are not included in "f ' 
(SEQ ID NO:62). While not identical in composition, the capture signal from "g" (SEQ 
ID NO:60) should be a good indicator of the strength of the interaction between the HCV 

20 targets and the "f ' (SEQ ID NO:62) oligonucleotide. The base signal from each of the 

capture oligonucleotides (columns marked underneath as "b" and "a"), and the effect of 
the addition of a neighboring oligonucleotide can be seen by examining the signal in 
reactions that included the ligation probe "f 1 (SEQ ID NO:62). It can be seen by 
comparing "a" to "a/f 1 that the presence of the second oligonucleotide has little or no 

25 effect on the capture of these HCV targets with the non-bridging "a" probe (SEQ ED 

NO:52). In contrast, in all cases the addition of the "f ' oligonucleotide (SEQ ID NO:62) 
substantially increases the binding by the bridging "b" (SEQ ID NO:53) oligonucleotide. 
Because "f 1 (SEQ ID NO:62) is unlabeled and does not contribute to either the plate 
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binding or the signal generation, the additional signal seen in these columns must come 
from increased binding of "b" (SEQ ID NO:53). This increased stability of binding using 
a flanking oligonucleotide may be used to enhance the performance of the bridge 
oligonucleotides in capturing all types of a target. Conversely, the increased stability 
5 must be considered in the design of the bridge oligonucleotides only if the goal is to 

create a system that is maximally sensitive to subtle structural changes, as described in 
Example 7. When maximum discrimination is desired in an assay that requires the 
binding of an adjacent oligonucleotide, it may be desirable to shorten or otherwise reduce 
the stability of the contact segment of the bridge that is nearest to the neighboring 
10 oligonucleotide. Common methods of reducing oligonucleotide binding affinity , such as 

through the use of base analogs or mismatches are well known in the art. 

EXAMPLE 11 

Target Dependent Ligation Of A Bridging Oligonucleotide 
15 To An Adjacent Oligonucleotide. 

To examine the mismatch effect on the ligation between a bridging 
oligonucleotide and the ligation oligonucleotides, a linear {i.e., non- folded) 
oligonucleotide target having appropriately oriented regions of complementarity was 

20 synthesized for use as a control target (SEQ ID NO:63)(/.e., to examine the effect of 

ligation in the presence of a stem). This control target aligned with the ligation and 
bridging oligonucleotides is depicted in Figure 26. The PCR conditions to prepare 244 
bp ds HCV target DNA were the same as described above. 

Each ligation reaction contained 200 fmole of the target DNA, 1 pmole each of 

25 the bridging and ligation oligonucleotides, 100 units of AMPLI-LIGASE (Epicenter) in 

10 y\ of IX AMPLI-LIGASE buffer (Epicenter). A control reaction was performed 
without target DNA. Reactions were assembled with all components except the enzyme 
and the enzyme buffer, heated to 95°C for 3 minutes, then cooled to the reaction 
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temperature of 45 °C. The ligation reactions were started with the addition of the enzyme 
and the enzyme buffer, and incubated for 1 hour. The reactions were terminated by the 
addition of 4 ^1 of 95% formamide with 10 mM EDTA and 0.02% Methyl Violet. The 
products were heated at 90°C for 1 minute, and aliquots were resolved by electrophoresis 
5 through 15% denaturing polyacrylamide gel (19: 1 cross link) with 7 M urea in a buffer of 

45 mM Tris-Borate, pH 8.3, 1.4 mM EDTA. The gel was visualized using the M.D. 
Scanner (Molecular Dynamics, Sunnyvale, CA). The resulting image is shown in the 
panel of Figure 27. The sizes in nucleotides of each band is indicated on the left side of 
the panel. 

10 The labeled, unreacted probes are visible as either an 18 nt band (a-d; i.e., probes 

corresponding to SEQ ID NOS:52, 53, 57, and 58) or an 8 nt band (e; Le. 9 probe 
corresponding to SEQ ID NO:59). The product of ligation between oligonucleotide "f 1 
(SEQ ID NO:62) and bridge probes "a" through V (SEQ ID NOS:52, 53, and 57, 
respectively), is visible as a 33 nt band near the top of the panel, while the product of 

15 ligation between "f ' (SEQ ID NO:62) and "e" (SEQ ID NO:59) is indicated as a 23 nt 

band. It can be seen from these data that all of the bridge oligonucleotides are able to use 
the folded target at a template to correctly align for ligation. The efficiency of the ligation 
can be assessed by comparing the product intensity in each lane to the intensity from 
ligation of the non-bridging oligonucleotide "a" (SEQ ID NO:52). Probe "b" (SEQ ID 

20 NO:53), which is fully complementary in both contact sequences shows the strongest 

signal on the HCV type la, which is consistent with the binding seen in the capture tests 
of these oligonucleotides. The ligation of the shortest oligonucleotide, "e" (SEQ ID 
NO:59) shows that even an 8 nt probe is sufficiently stable in this assay to be ligated at 
some level. The least amount of ligation is seen with the bridge probe having the 

25 mismatch closest to the site of ligation, reflecting a decrease in hybridization for this 

portion of the oligonucleotide or a decrease in activity of the ligase enzyme near a 
mismatch, or a combination of these effects. 
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As described above for the primer extension of the bridging oligonucleotide, at 
elevated ligation temperatures the folded structures denature, reducing the binding 
efficiency of the bridging oligonucleotide relative to the non-bridging oligonucleotide. 
To examine this effect in a ligation reaction, and to examine the effect of the folding on 
5 the discrimination of the amplicons by HCV type, additional experiments were performed 

on all four amplicon types, at a range of temperatures. Because the thermostable ligase 
activity intended for use under high-stringency conditions (e.g., at temperatures above 
about 45°C), T4 DNA ligase, commonly used at 10 to 30°C, was used in the ligations 
performed at lower temperature. 

10 Each ligation reaction contained 200 fmole of the target DNA, 1 pmole of the 

fluorescein-labeled bridge oligonucleotide, 1 pmole of the ligation oligonucleotide and 3 
units of T4 Ligase (Promega) in 10 jal of IX T4 LIGASE buffer (Promega). Reactions 
were assembled with all components except the enzyme and the concentrated enzyme 
buffer, heated to 95°C for 3 minutes, then cooled to the reaction temperature of either 

15 25°C or 45°C. The ligation reactions were started by the addition of the enzyme and the 

concentrated buffer to bring each of those components to the final concentrations listed 
above, and incubated for 1 hour. The reactions were terminated by the addition of 4 (al of 
95% formamide with 10 mM EDTA and 0.02% Methyl Violet. The products were heated 
at 90°C for 1 minute, and aliquots were resolved by electrophoresis through 15% 

20 denaturing polyacrylamide (19:1 cross link) with 7 M urea in a buffer of 45 mM 

Tris-Borate, pH 8.3, 1 .4 mM EDTA. The gel was visualized using the M.D. Scanner 
(Molecular Dynamics, Sunnyvale, CA). The resulting image is shown in the panel of 
Figure 28. The reaction temperatures are indicated at the top of the panel, and the 
control reactions lacking the ligase enzyme are indicated. The labeled, unreacted probes 

25 are visible as an 18 nt band . The product of ligation is visible as a 33 nt band near the 

top of the panel. 

Examination of the product bands at the two temperatures confirms the expected 
increase in discrimination at the lower temperature. The signals from the la and lb types 
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are very similar, while the signals from 2a/c and 3a are much lower. While the 3a result 
is consistent with the capture data using the combination of the "b" and "f 1 probes (SEQ 
ID NO:53 and 62, respectively) shown in Figure 25, the signal from 2a/c is relatively 
lower than in the capture. Without limitation to any particular mechanism, this effect 
5 may be attributable to the substrate specificity of the ligase at this temperature (e.g., the 

assumed structure may have a loop or bulge situated in a manner that inhibits the 
enzyme). Nonetheless, this example demonstrates that these viral types may be 
distinguished using ligation reactions performed under non-stringent conditions. At 
slightly elevated temperature, the product bands are of approximately equal, and stronger 

10 intensity. The uniformity of the signal may be attributed to the partial or complete 

disruption of the structure at this temperature. It was observed in the Figure 27 that even 
the 8 nt V (SEQ ID NO:59) control molecule could be efficiently ligated to the "f 1 
ligation oligonucleotide (SEQ ID NO:62) on the linear synthetic target ("ST."; SEQ ID 
NO:63). This indicates that the ligase can join rather short oligonucleotides, even at 

15 temperatures above their estimated Tm. As the structure is unfolded in the 45°C reaction 

in Figure 28, the bridging oligonucleotide may be participating in the ligation in this 
manner (i.e., only its 3 f end is binding), eliminating the ability to discriminate between 
types under these conditions. The strength of the signal may reflect increased activity of 
the enzyme at this temperature, the preference for the enzyme for this structure over the 

20 bridge conformation, or a combination of these or other factors. 

The ligation under the lower temperature conditions demonstrates that bridging 
oligonucleotides Qan be used to identify folded. target molecules in this type of a reaction. 
Since the contact sequence on the 3' terminus of the bridging oligonucleotides of these 
examples is clearly stabilized in these reactions (i.e., a mismatch in this portion, as in 

25 oligonucleotide "c" (SEQ ID NO:57), has less effect on the bridge activity of the probe 

than in the capture, primer extension and cleavage assays shown in other examples) it 
may be desirable to provide a less stable contact sequence in this region. Means for 
reducing oligonucleotide Tm are well known in the art, and a few methods are discussed 
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above, in the context of PCR primer design. 

Just as the conditions for bridge oligonucleotide primer extension can be adapted 
to the polymerase chain reaction for amplification of signal, the ligation of the bridge 
oligonucleotides can be adapted to the ligase chain reaction. The target-specific ligation 
5 event can be viewed as creating a unique molecule to be detected, even if the ligation 

point in not centered, as it is in the LCR. Two possible configurations are depicted 
schematically in Figure 35. In all panels of this Figure, the ligation junction is 
represented by a carat point on the ligated nucleic acid. In the first panel, Figure 35a, the 
bridging oligonucleotide would be extended by addition of a short sequence, such as a 

10 hexamer or an octamer. Ligation of short oligonucleotides that are stabilized by coaxial 

stacking is known in the art (Kaczorowski and Szybalski, Gene 179:189 [1996]), and is 
demonstrated by ligation of the "e" oligonucleotides (SEQ ID NO:59) shown in Figure 
27. The configuration shown in 35b instead shows the ligation of two longer probes, 
each of which bridges in a structure. It is contemplated that other configurations within 

15 the scope of the present invention would be apparent to those skilled in the art, including 

but not limited to ligation of a non-bridging oligonucleotide to the 5' end of a bridging 
oligonucleotide, or ligation of more that two oligonucleotides assembled on a single 
folded target. 

In each of the embodiments and configurations listed above, the ligation event 
20 would create a unique contiguous sequence not found in the target nucleic acid. This 

unique sequence may then itself be detected by a number of means, including, but not 
limited to the ligase chain reaction. Practice of the ligase chain reaction for the detection 
of specific sequences is well known in the art, and the means of adapting the bridging 
ligation to this amplification method are easily ascertainable from the literature (See e.g., 
25 Barany, PCR Meth. App. 1:5 [1991], and U.S. Patent No. 5,494,810, herein incorporated 

by reference). The bridging oligonucleotides may also be used in modified LCR assays, 
such as gap-filling LCR (See e.g., U.S. Patent No. 5,427,930, herein incorporated by 
reference), or other variants of the method. By combining the bridging oligonucleotides 
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of the present invention with the ligase chain reaction an investigator can derive the 
benefits of structure characterization discussed above, but performed directly on samples 
of interest, without intervening culture or PCR amplification. 

EXAMPLE 12 

Target Dependent Cleavage Of A Probe, 
Directed By An Invasive Bridging Oligonucleotide 

The previous examples demonstrated the ability of the bridging oligonucleotides 
to serve as substrate in reactions that produced a maximum of one event for each copy of 
a folded target. There are many applications based on the use of oligonucleotides in 
which the reactions are configured to produce many signals for each copy of a target 
nucleic acid. Such reactions include, but are not limited to ligase chain reaction, 
polymerase chain reaction, cycle sequencing, and nuclease detection assays such as the 
cycling probe reaction. We show here that such reactions can be configured to make use 
of noncontiguous probe binding. The use of bridging probes may in some embodiments 
allow the kind of structure-based typing described above to be used in a reaction that can 
also amplify the signal from the target. It is also well known that even single-stranded 
nucleic acid targets can fold such that very little sequence is actually available for probe 
binding for detection or for antisense applications. The ability of probes to bind to non- 
contiguous sites facilitates the design of probes that interact only with the outer surface of 
the target nucleic acid, thus allowing detection or typing of targets that could not 
previously be characterized by hybridization methods. 

The INVADER reaction involves the contacting of a target nucleic acid with a 
pair of oligonucleotides to create a cleavage structure as described above. The signal 
probes can leave the structure after cleavage, to be replaced by an uncleaved copy, thus 
starting the cycle again, and allowing each target to create many copies of the cleaved 
probe during the course of the reaction. The probes and targets used for this assay are 
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diagrammed in Figure 29A, 29B and 31. The effects of the signal probe ("g"; SEQ ID 
NO:60) on the stability of the bridge oligonucleotides was described in Example 9. 

In the experiments in this Example, all invasive cleavage reactions included a 
mixture of 10 fmole of either the 244 bp target DNA or the synthetic linear target, 10 
pmole each of a fluorescein-labeled bridge oligonucleotide and the fluorescein-labeled 
probe ("g" or "h" SEQ ID:60 or 61), 10 mM MOPS, 7.5 mM MgC12, 20 ng of the 5' 
nuclease AfuFENl (i.e., a FEN1 from Archaeoglobusfulgidus, PCTYUS97/21 783, herein 
incorporated herein by reference), and water to a final volume of 10 |nl. Reactions were 
assembled with all components except the enzyme and 7.5 mM MgCl 2 , heated to 95°C 
for 2 minutes. The reactions were then cooled to the indicated reaction temperatures, 
started with the addition of enzyme and 7.5 mM MgCl 2 , and incubated for 1 hour. The 
reactions were then terminated by the addition of 10 |al of 95% formamide with 10 mM 
EDTA and 0.02% Methyl Violet. The products were heated at 90°C for 1 minute, and 
aliquots were resolved by electrophoresis through 20% denaturing polyacrylamide gel 
(19:1 cross link) with 7 M urea in a buffer of 45 mM Tris-Borate, pH 8.3, 1.4 mM 
EDTA. The gel was visualized using the M.D. Scanner (Molecular Dynamics, 
Sunnyvale, CA). 

The first assay tested the ability of both the HCV variants and a synthetic non- 
folded target to serve as a target in this assay. All reactions used the "g" signal probe 
(SEQ ID NO:60), and were incubated at 55°C. The resulting image is shown in Figure 
30. The type target DNA and the bridging probe used in each assay are identified above 
each line. In this Figure, the unreacted probes are indicated with arrows and their letters 
to the left of the panel, in addition, the 4-nt product of the cleavage is also indicated by 
arrow. 

Examination of the intensity of the 4 nt band in each lane shows that on each type 
of folded target (la, lb, 2a/c and 3a) the bridging probe "b" (SEQ ID NO:53) performed 
nearly as well as the linear probe "a" (SEQ ID NO:52) at directing cleavage of the signal 
probe "g" (SEQ ID NO:60). In contrast, the bridging probes either having a mismatch in 
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one contact sequence ("c" and "d"; SEQ ID NOS:57 and 58) or missing one contact 
sequence ("e"; SEQ ID NO:59) were not able to complete the cleavage structure to any 
significant extent. This demonstrates not only that a bridging oligonucleotide having no 
more than 8 bases of contiguous complementarity in any contact sequence can 
nonetheless specifically detect this HCV sequence, it also shows that both of the contact 
sequences in the probe are important to this function. 

The signal generated from the non- folded synthetic target shown the maximum 
product yield that can be expected from these probes when essentially perfectly bound. 
As expected based on previous experiments conducted during the development of the 
present invention, the signal is stronger, although not astoundingly so. Also as expected 
based on previous experiments conducted during the development of the present 
invention, the half molecule, which does not cross a structure on the folded target, does 
not improve much in performance when the structure is removed, while the non bridging 
probe performance is decreased because has a number of mismatches to this target (See, 
Figure 29B). 

As described above for the primer extension and ligation of the bridging 
oligonucleotides, at elevated temperatures the folded structures denature, reducing the 
binding efficiency of the bridging oligonucleotide relative to the non-bridging 
oligonucleotide. To examine this effect in an INVADER reaction, additional experiments 
were performed at a range of temperatures. Because the INVADER assay is performed 
near the Tm of the signal probe to allow turnover without thermal cycling, a shorter probe 
molecule ("h"; SEQ ID NO:61) was made for use at the lower temperatures. This is 
shown schematically in Figure 3 1 . The INVADER reactions were performed as 
described above, using the bridging probe "b" (SEQ ID NO:53) and the "h" signal probe 
(SEQ ID NO:61), with incubations done at 30°, 35° and 40 °C. All four HCV amplicon 
types were tested. The resulting image is shown in the panel of Figure 32. The probes 
and targets used in each reaction, and the temperatures of the incubation are indicated 
above the panel. The arrow on the right indicate the unreacted probes by their letters, and 
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the 4 nt cleavage product. The fluorescence, in arbitrary fluorescence units, measured for 
each of the 4 nt bands is shown below each lane; the same location in a no-probe reaction 
lane was counted to determine the background level (in parentheses), which was 
subtracted from the product count for each lane. 
5 Examination of these data show that while the "b" (SEQ ID NO:53) bridge 

functions in the invasive cleavage at all temperatures, the lower temperature reactions 
show a greater signal differential between the HCV type 3a lane and the other types. This 
is consistent with the data from the capture experiments described in Examples 8 and 10, 
showing that the 3a type amplicon does not have the same structure in this region as the 
10 other 3 types tested. This also demonstrates that discrimination of subtle sequence 

differences by this method is most easily done at temperatures that encourage folding in 
the target molecules. 

This is further supported by examination of the reactions data shown in Figure 33. 
This panel compares the signals generated at two temperatures, 55°C and 35°C, using the 

1 5 whole array of bridging and non-bridging probes, on a number of targets. The identities 

of the target DNAs and probes used in each reaction are indicted above each lane, and the 
cleavage probes used are indicated below the lanes. The unreacted probes are indicated 
by arrows and their letters on either side of the panel, and arrows indicate the 4 nucleotide 
(nt) product of cleavage. The fluorescence, in arbitrary fluorescence units, measured for 

20 each of the 4 nt bands is shown below each lane; the same location in a no-probe reaction 

lane was counted to determine the background level (in parentheses), which was 
subtracted from the product count for each lane. 

The data shown in Figure 33 shows the same profile of detection signal for the 
HCV samples as in the previous example, and further demonstrated that the mismatched 

25 bridge probes ("c" and "d"; SEQ ID NO:57 and 58) and the half probe ("e"; SEQ ID 

NO:59) have limited function in this assay. Similarly, the probe is not detectably cleaved 
when the bridging oligonucleotide is altogether omitted. Furthermore, reactions using 
human genomic DNA in place of the HCV target exhibit no signal that can be seen above 
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background, demonstrating the specificity of this assay in both "stringent 11 and "non- 
stringent" conditions. 

EXAMPLE 13 

5 Structure Analysis and Bridging Probe Binding to DNA Derived From a Gene Associated 

With Antibiotic Resistance in Mycobacterium tuberculosis 

In the past decade there has been a tremendous resurgence in the incidence of 
tuberculosis in this country and throughout the world. Worldwide, the number of new 

10 cases reported annually is forecast to increase from 7.5 million in 1990 to 10.2 million by 

the year 2000. An alarming feature of this resurgence in tuberculosis is the increasing 
numbers of patients presenting with strains of M. tuberculosis that are resistant to one or 
more anti-tuberculosis drugs (Le., multi-drug resistant tuberculosis [MDR-TB]). 

Resistance to either or both of the antibiotics rifampin (rif) and isoniazid (inh) is 

15 the standard by which M tuberculosis strains are judged to be multi-drug resistant. Both 

because of their potent bactericidal activities, and because acquisition of primary 
resistance to these drugs is rare (the spontaneous mutation rate of resistance to rifampin is 
approximately 10~ 8 and to isoniazid, 10~ 8 to 10* 9 ), until very recently, these two antibiotics 
were among the most powerful front-line drugs used to combat the advance and spread of 

20 tuberculosis. However surveys of tuberculosis patients in the U.S. reveal that as many as 

one-third were infected with strains resistant to one or more anti-tuberculosis drugs; 
greater than 25% of the M tuberculosis cultures isolated were resistant to isoniazid and 
19% were resistant to both isoniazid and rifampin (Frieden et al, New Eng. J. Med. 
328:521 [1993]). Resistance to rifampin is associated with mutation of the rpoB gene in 

25 M. tuberculosis. It has been shown that key mutations in this gene can be detected and 

identified using the CFLP method of structure analysis, demonstrating that these 
mutations influence the folded conformations of these genes (Brow et ai, J. Clin. 
Microbiol., 34:3129 [1996]; and PCT International Application No. PCT/US95/14673 
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[WO 96/15267]; co-pending Application Serial No. 08/484,956 and 08/520,946). We 
therefore chose this gene as a model to demonstrate the process of identifying non- 
contiguous sequences that are brought into sufficiently close proximity by strand folding 
for interaction with bridging probes. 
5 The Description of the Invention outlines a step-wise procedure for analysis of a 

target secondary structure and for the design of bridging probes to interact with any 
folded nucleic acid molecule. This process comprises the steps of: a) performing CFLP 
analysis to identify nucleotides that are basepaired on the 5' sides of stems; b) using this 
partial basepair information as a "soft constraint" in a fold-prediction program such as 

10 mfold to produce schematic diagrams (or other suitable output) of possible folded 

conformations that are consistent with the CFLP data; c) using PCR deletion and directed 
mutagenesis to confirm the identities of the nucleotides on the 3' sides of stems to which 
the 5' side nucleotides are hydrogen bonded; d) using this full basepair information as a 
"hard constraint" in the fold prediction program to produce a highly refined set of 

15 predicted structures; and e) designing and testing bridging probes that interact with the 

predicted stems. Depending on the complexity of the data generated at each step, one or 
more of steps (a) through (d) may be omitted in any particular application. As noted in 
the Description section, a number of physical analytical methods may be combined with a 
number of secondary structure prediction algorithms to perform this type of analysis; the 

20 use CFLP cleavage method in conjunction with the mfold software is discussed here as a 

convenient example and is not presented as a limitation on the scope of the present 
invention. 

To demonstrate the analysis on a non-viral target, DNA fragments were amplified 
from the rpoB gene of M. tuberculosis. DNA extracted from M tuberculosis culture was 
25 obtained from the CDC (Center for Disease Control, Atlanta, GA). Genomic DNA was 

prepared at the CDC using siliconized glass beads as described previously (Plikaytis et 
aL, J. Clin. Microbiol. 28:1913 [1990]). A 193-bp fragment of the rpoB gene (SEQ ID 
NO:69) was generated by PCR amplification of the genomic DNA sample using primers 
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rpo 105 (forward) CGT GGA GGC GAT CAC ACC GCA GAC GT (SEQ ID NO:70) 
and rpo 273 (reverse) GAC CTC CAG CCC GGC ACG CTC ACG T (SEQ ID NO:71). 
This fragment contains the 81 -bp rifampin resistance region. This amplicon was cloned 
using the TOPO-TA cloning kit (K4550-40, Invitrogen, Carlsbad, CA). A 128 bp 
5 subfragment of the rpoB gene (SEQ ID NO: 72) was amplified from the resulting plasmid 

using a TET-labeled forward primer with the sequence 5 f - 

CGCCGCG ATC AAGG AGTTCT-3 5 (SEQ ID NO:73) and a reverse primer with the 
sequence 5 f -GCTCACGTGACAGACCGCCG-3 ' (SEQ ID NO:74). PCR reactions were 
done in a final volume of 100|al, containing: 2 ng of genomic DNA, 35 pmoles of each 

10 primer, 50(iM of each deoxyribonucleotide (Perkin Elmer, Foster City, CA), IX PCR 

buffer (20mM Tris-HCl pH 8.5, 50 mM KC1, 1.5 M MgCl 2 , 0.05% Tween 20, 0.05% 
NP40), 1M betaine, 5% DMSO, and 2.5 units of Taq polymerase. PCR cycling 
conditions consisted of an initial denaturation at 95°C for 5 minutes, 30 cycles of 
denaturation at 94°C for 1 minute, annealing at 58°C for 1 minute, and extension at 72°C 

15 for 1 minute, with a final 7 minute extension at 72°C. Following PCR amplification, the 

fragments were purified by treatment with Exonuclease I (United States biochemical, 
Cleveland, OH) at 37°C for 45 min, and followed with the High Pure PCR Product 
Purification Kit spin columns (Boehringer Mannheim, Indianapolis, IN). The purified 
products were quantified using the PicoGreen™ assay (Molecular Dynamics, Eugene, 

20 OR) according to the manufacturers' recommended procedure. The same PCR procedure 

was used in the generation of the truncated and mutated amplicons described below; the 
forward primer was not varied, and the reverse and mismatch primers were one of the 
following (the primer names indicate the construct to be created): 75- 121 (reverse) 
TGACAGACCGCCGGGCCC (SEQ ID NO:75) to generate the 121 fragment (SEQ ID 

25 NO:76); 75-1 21 (mismatch) AGACAGACCGCCGGGCCC (SEQ ID NO:77) to generate 

the 121 mismatch fragment (SEQ ID NO:78); 57-1 19(reverse) 

ACAGACCGCCGGGCCCCA (SEQ ID NO:79) to generate the 1 19 fragment (SEQ ID 
NO:80); 57-1 19(mismatch) CCAGACCGCCGGGCCCCA (SEQ ID NO:81) to generate 
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the 1 19 mismatch fragment (SEQ ID NO:82); 53-1 18(reverse) 

CAGACCGCCGGGCCCCAG (SEQ ID N0.83) to generate the 1 18 fragment (SEQ ID 
NO:84); 53-1 18 (mismatch) GAGACCGCCGGGCCCCAG (SEQ ED NO:85) to generate 
the 1 18 mismatch fragment (SEQ ID NO: 86); 62-1 14(reverse) 

CCGCCGGGCCCCAGCGCCGA (SEQ ID NO:87) to generate the 1 14 fragment (SEQ 
ID NO:88); 62-1 H(mismatch) GCGCCGGGCCCCAGCGCCGA (SEQ ID NO:89) to 
generate the 1 14 mismatch fragment (SEQ ID NO:90); 63-1 13(mismatch) 
CGGCCGGGCCCCAGCGCCGA (SEQ ED N0:91) to generate the 1 14 mismatch(l 13) 
fragment (SEQ ID NO:92); 69-1 lO(reverse) CGGGCCCCAGCGCCGACA (SEQ ID 
NO:93) to generate the 1 10 fragment (SEQ ID NO:94); 69-1 lO(mismatch) 
AGGGCCCCAGCGCCGACA (SEQ ID NO:95) to generate the 1 10 mismatch fragment 
(SEQ ID NO:96); 78-106(reverse) CCGCAGCGCCGACAGTCG (SEQ ID NO:97) to 
generate the 106 fragment (SEQ ID NO:98); 78-106(mismatch) 

TCCCAGCGCCGACAGTCG (SEQ ID NO:99) to generate the 106 mismatch fragment 
(SEQ ID NO:100); 63-87(reverse) CGCTTGTGGGTCAACCCCGA (SEQ ID NO:101) 
to generate the 87 fragment (SEQ ID NO: 102); and 63-87(mismatch) 
AGCTTGTGGGTCAACCCCGA (SEQ ID NO: 103) to generate the 87 mismatch 
fragment (SEQ ED NO: 104). For all rpoB capture experiments the amplicons were 
labeled on the sense strand with biotin instead of TET. 

CFLP scanning reactions were performed using 15ng (175 fmoles) of purified 
PCR product, diluted to a final volume of 15^1 with distilled water. Optimal CFLP 
conditions were determined as described previously. Briefly, matrices of three different 
reaction times (2, 4, and 6 minutes) and five temperatures (40, 45, 50, 55, and 60°C) were 
examined. Conditions were chosen as optimal yielded patterns with an approximately 
even distribution of long and short cleavage products. The diluted amplified fragments 
were denatured for 15 seconds at 95°C, cooled to the reaction temperature (50°C), and 
combined with 5p,l of enzyme mixture so that the final 20p.l volume contained: 25U of 
CLEAVASE I enzyme, 0.5mM MnCl 2 , ImM MgCl 2 and IX CFLP buffer (lOmM MOPS, 



- 179- 



pH 7.5, 0.05% Tween 20, 0.05% NP40). Reactions were stopped after 4 minutes by the 
addition of 16^1 of stop buffer (95% formamide with 10 mM EDTA, pH 8.0 and 0.02% 
methyl violet). The cleavage products were resolved on a 15% denaturing PAGE (19:1 
crosslink) containing 7M urea in 0.5X TBE. The resulting pattern was visualized using a 
Hitachi FMBIO-100 fluorescence image analyzer, equipped with a 585 nm filter. 

The CFLP analysis of the 128 nucleotide segment of rpoB identified key bands of 
45, 53, 57, 62, 69, 75, 78, and 84 nucleotides in length, among others within the CFLP 
pattern, as indicated in Figure 36. These major band positions were chosen for further 
analysis. As described above, the specificity of the CLEAVASE I enzyme dictates that 
these nucleotides are basepaired to some nucleotide downstream in the strand in the 
structure that is cleaved. 

Structure analysis of this amplicon using the mfold 2.3 software without any 
added constraints from the CFLP pattern yielded only seven possible structures. Given 
the small number, manual analysis was sufficient to select from these 2 variants that 
together accounted for the major cleavage products seen in Figure 36. The cleavage sites 
are indicated on structures shown in Figure 37 A (structures generated used the hard 
constraints from PCR walking data, described below). 

The structure and cleavage analysis of the structure(s) contributing to the CFLP 
band at position 62 are used here to demonstrate the next steps of the process. In both of 
the structures shown in Figure 3 7 A, the C at nucleotide 62 is indicated to basepair with a 
G at nucleotide 114. The stem formed between these positions is the same in both 
structures, and is reproduced at the top of Figure 3 8 A. One step in confirming the 
interaction between these bases is to create a truncated version of this strand in which 
nucleotide 1 14 is changed to prevent pairing with nucleotide 62, and examine the 
resulting CFLP cleavage (this is termed "PCR walking" in this discussion). This is 
shown schematically as the variant number 2, the center structure at the bottom of Figure 
37B. A control molecule that is similarly truncated, but that retains the putative 62/1 14 
base pair is shown on the left as variant 1. The CFLP patterns from these 2 molecules are 
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shown in the gel image at the right of Figure 37B, with an arrow indicating the band at 
position 62. It can be seen by the data in the first lane that the CFLP pattern gives a 
strong signal at position 62 in the truncated control, confirming that nucleotide 62 does 
not require any of the material downstream of nt 1 14 (deleted in this construct) to 
5 basepair. Analysis of the variant with the disrupted basepair in lane 2 shows that removal 

of the 62/1 14 basepair shifts cleavage by one position, to the 63/1 13 basepair. Further 
variation to remove the 63/1 13 pairing, by changing nucleotide 1 13 as diagrammed in 
variant 3 on the right, nearly eliminates this short stem region, and eliminates this 
particular CFLP band from the pattern altogether (lane 3; the factors contributing to the 

10 slight residual signal at this position will be discussed below). This shows how the 

combination of truncation and mutation combined with CFLP cleavage can be used to 
interrogate and confirm specific basepairs within predicted structures, thereby allowing 
their use as "hard constraints" in further computer-based modeling. The structures shown 
in Figure 37 A were generated using the hard constraints determined by such PCR 

1 5 walking. It is not required that further computer analysis be done before bridging probes 

are designed. If desired, bridge probes may be designed on the strength of the PCR 
walking data. 

Based on the data shown in Figure 37B, several bridging probes were designed to 
span the base of this stem. For all rpoB capture experiments, the amplicons were labeled 

20 on the sense strand with biotin instead of TET. In these capture analyses, the capture 

probes were bound to the target DNAs in solution and then the complexes were 
immobilized on a solid support, as described in Example 8. For each assay, a 
hybridization mixture was assembled containing 20 fmols of a biotin-labeled test 
molecule, 1.5 pmole of a fiuorescein-labeled capture probe, 10 jig/ml tRNA, and 0.2% 

25 acetylated BSA, in 150 jil of 4.5X SSPE. The mixture was incubated at room temperature 

for 30 min. 

Aliquots (100 jil) of the mixtures were then transferred to wells in a 
streptavidin-coated 96-well plate (Boehringer Mannheim) and incubated at room 
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temperature for 20 min. The plate was then washed three times with TBS (25 mM 
Tris-Cl, 0.15 M NaCl, pH 7.2) with 0.01% TWEEN-20 non-ionic detergent. Then, 100 
(il of a 1 :5000 dilution of 0.75 u/ml anti-fluorescein antibody conjugated with 
alkaline-phosphatase in 0.2% I-block buffer (Tropix, Bedford, MA) was added to each 
5 well. After 20 minutes at room temperature, the plate was washed three times with TBS 

with 0.01% TWEEN-20. Then, 100 ^1 of Attophos fluorescent substrate (JBL, San Louis 
Obisbo, CA) were added to each well and the plate was incubated at 37°C for 1 hour, 
before fluorescence readings were taken using a Perkin-Elmer Cytofluor-4000 set to 
excite at 450/50 nm and to and detect emission at 580/50 nm. Each assay was performed 

10 in duplicate with the standard deviation represented by the black bar at the top of each 

column in each graph. 

The oligonucleotides designed to bind this stem are shown schematically in 
Figure 37C, aligned with the 62/1 14 structure. Several different approaches were used to 
link the contact sequences, including direct linkage without a spacer (shown as a gap in 

15 oligonucleotide 62-1 14b; SEQ ID NO:105), several different dinucleotides, as shown (62- 

114a [SEQ ID NO: 106]; 62-1 14c [SEQ ID NO: 107]; 62-1 14d [SEQ ID NO: 108]), or d- 
spacers (62-1 14e [SEQ ID NO: 109]) (Glen Research Corp. (Sterling, VA)), indicated as 
M D"s, using one D for each spacer group (i.e., DD indicates two such spacers used in 
sequence). 

20 The efficacy of these probes in binding the folded target is shown graphically at 

the bottom of Figure 37C. The letters below each bar indicate the identity of the space, 
with "NS" indicating no spacer. The capture reactions were performed as described 
above, and the numbers at the left of the panel indicate the fluorescence measured from 
the captured target DNA/probe complex, shown as a percentage of the signal measured 

25 when the same amplicons capture a linear (nonbridging) control oligonucleotide 5 f -FL 

TCC TTG ATC GCG G-3' (SEQ ID NO: 123). It can be seen from these data that a 
combination of CFLP, computer fold modeling, and PCR walking can be used to 
successfully design probes capable of binding to non-contiguous sites on the target 
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molecule. Bridge probes having the "TT" spacer and mismatches to the target within 
either contact sequence, similar to those demonstrated in the bridge probes in Example 7, 
show very little binding to the rpoB DNA (signal equal to no-target background; data not 
shown), confirming that interaction of both contact sequences is necessary. 
5 In selection of a probe to span this structure, some spacers show better 

performance than others. While the binding performance of the probes in Figure 37C is . 
well above background, it is possible that a different spacer might enhance binding 
without changing the contact sequences. Similarly, different spacers may perform 
differently in the enzymatic reactions described in Examples 9-11. If finding the optimal 

10 spacer is desired for any given application of these bridging probes, a more 

comprehensive comparison may be performed. For example, a simple, yet broad test 
would be to assess all possible dinucleotide arrangements, 16 possibilities in all, in 
addition to the no spacer and non-nucleotide spacer options. While other lengths of 
contact sequence may be used, the use of contact sequences of eight nucleotides on either 

15 side of the stem is convenient for a first test and gives a reasonable probability of success. 

If desired, shorter contact sequences may be tried, either in the first test or after an 
optimal spacer arrangement has been identified. Given the ease and low cost of current 
methods of automated oligonucleotide synthesis, the creation of this number of test 
probes would not be burdensome. 

20 Similar approaches were used in the design of bridging probes to other predicted 

structures within the rpoB amplicon. Some of these structures are shown schematically 
in Figures 38A, 38B, and, 38C. For comparison, the 62-1 14 structure with 
oligonucleotide 62-1 14 (a) (SEQ ID NO:106) is reproduced in Figure 38C. In each of 
these figures the base pair analyzed by CFLP, PCR walking, and folding predictions is at 

25 the base of the depicted stem, and the nucleotide positions measured from the 5' end of 

the DNA fragment are indicated by arrows. The corresponding bridging probes (53- 
1 18(cg) [SEQ ID NO:l 10]; 69-1 10(cg) [SEQ ID NO:l 1 1]; 75-121(a)(ta) [SEQ ID 
NO:112]; 75-121(b)(ta) [SEQ ID NO:113]; 78-106(cg) [SEQ ID NO:114]; 63-87(gc) 
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[SEQ ID N0:1 15]; 84-102(at) [SEQ ID N0:1 16]; 57-1 19(at) [SEQ ID N0:1 17]; 62-1 13 
[SEQ ID NO: 1 18]; and 62-98 [SEQ ID NO: 1 19]) are identified by these same basepair 
numbers (e.g., the probe designed to span the basepair formed between nucleotides 75 
and 121 is termed 75-121). If two probes were targeted to the same basepair the probes 

5 are further distinguished by lower case letters (e.g., 75-121(a) and 75-121(b)). In the case 

of the 75-121 probes, the target material did not have a full 8 nucleotides 3' of the base of 
the structure, so a bridging probe having only 7 nucleotides at this position was created 
(75-121(a); SEQ ID NO:l 12). Because PCR products may include a non-templated "A" 
nucleotide at the 3' ends (shown in parentheses), a bridging probe have an extra "T" 

10 nucleotide was created. The presence of this basepair would extend this contact sequence 

duplex to 8 nucleotides. All probes were designed with two 8 nucleotide contact 
sequences (complementary to the target) flanking a 2 nucleotide spacer. Each of these 
three figures includes a graph of the fluorescence signal measured after the solid support 
capture of each amplicon by the indicated probe. The numbers identifying the probes 

15 used in each capture test are indicated below each bar. The signal is shown as a 

percentage of the signal detected by binding of a linear (non-bridging) fully 
complementary probe. While some of these probes have poor binding properties (i.e., 
less than about 5% of the signal from the linear control oligonucleotide), these data 
further demonstrate the efficacy of this method at identifying non-contiguous target 

20 sequences that can be bound by a single bridging probe. 

As noted above, it is possible for several different structural conformers to 
contribute a single band in a CFLP cleavage pattern. This means that the nucleotide 
upstream of the cleavage site can pair with several different downstream nucleotides at 
different times, or on different copies of the nucleic acid molecule in a population. 

25 Recalling PCR walking data from the investigation of the pairing partners for nucleotide 

62 and 63 in the rpoB amplicon, shown in Figure 37B, it was seen that there was residual 
cleavage at position 62 even when the preferred structure was disrupted by deletion and 
mutation in the amplicon. This indicates that there might be other, less favored folded 
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conformations contributing to cleavage at this site. One way of looking for such 
alternative conformations is to carefully examine the less energetically favored structures 
predicted by a program such as mfold. Such analysis was done to identify other regions 
to which nucleotides 62 and 63 might pair. The primary 62/1 14 structure and two less 

5 favorable variants are shown schematically in Figure 39. Bridging probes were designed 

to test the for the presence of each of these variant structures. These are shown 
schematically in Figures 40-42. 

It was recognized that representation of these alternative structures in the 
molecule populations, as measured by bridge probe binding, was likely to be influenced 

10 by the length of the target molecule by any one of a number of mechanisms, including but 

not limited to the following: longer molecules may have a more diverse population of 
possible structures, making any one sub-optimal structure a lower percentage of the 
signal; the additional sequences present may provide regions of complementarity that 
compete with the some portion of the less favored structure, thereby reducing its presence 

15 in the population; additional sequences may form additional stems that do not interact 

directly with the less favored structure, but that nonetheless inhibit probe binding by 
steric or other interactions. To investigate this effect the bridges designed to bind to the 
structures depicted in Figure 39 were tested using target molecules of several lengths. 
The full length (i.e., the 128-mer) amplicon (SEQ ID NO:72) allows the most favored 

20 structure shown in Figure 39(a) to form, and allows a full 8 nucleotides of contact with 

probe 62-1 14 on either side of the structure. Deletion of the target to 121 nucleotides 
(SEQ ID NO:76) reduces the downstream contact of the 62-1 14 probe to 7 nucleotides, 
yet allows a full 8 nucleotides of hybridization for the 62-1 13 probe designed to bind to 
variant 39(b). Binding of a probe to this structure would create a four way "Holliday" 

25 junction. Even though nucleotides 62 and 1 13 are not basepaired in this structure, this 

nomenclature is used for the probes oligonucleotide to reflect the positions of the contact 
sequences within the target strand. To explore even less favored structures, the target was 
further truncated to 1 13 nucleotides, eliminating regions complementary to both the 62- 
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1 14 and 62-1 13 probes. The substitution of a C for the wild-type G at position 1 13 ("1 13 
MM", SEQ ID NO:92) causes mismatches in the basepairing of nucleotide 1 13 in both 
structures 39(a) and 39 (b), although with different putative pairing partners. 

Each of Figures 40, 41, and 42 includes a graph of the fluorescence signal 
5 measured after the solid support capture of each amplicon by the indicated probe. The 

numbers identifying the version of the target molecule used in each capture test are 
indicated below each bar. The signal is shown as a percentage of the signal detected by 
binding of a linear (non-bridging) fully complementary probe. 

The capture data in Figure 4 suggests that a structure bridging probe can be made 

10 to cross the base of a sequence capable of forming 2 hairpins. The increase in signal 

observed when the 121 nucleotide amplicon is targeted suggests that this truncation 
increases the percentage of the population that is adopting this conformation. The shorted 
variant, 113 MM, was not tested with this probe because one of the two contact sites on 
the target is deleted in this variant, so binding would not be expected. 

15 A bridging probe designed to cross only one of the two stems of conformation 

39(b) was also designed (62-98, SEQ ID NO:l 19), and is shown schematically in Figure 
41 . With this probe the presence of the second, shorter stem in this conformation would 
be expected to weaken or block binding. The target variant having the "C" nucleotide at 
position 113 would have a less stable, shorter stem and would be expected to show more 

20 binding to this probe. The capture data with this probe demonstrates that the majority of 

the full length amplicon assumes a structure that does not allow binding of this probe. 
When the target is shortened to 121, more of the molecules fold, such that these binding 
sequences are accessible. Finally, when the molecule is shortened to 1 13 nucleotides and 
the alternative conformations are destabilized, the binding signal from the 62-98 bridging 

25 probe is over 80% of the signal from the non-bridging control, verifying that the 

percentage of the molecular population adopting this previously sub-optimal 
conformation has dramatically increased. 

Another sub-optimal conformer is predicted in addition to that depicted in Figure 
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41 . This other variant is shown schematically in Figure 42, and predicts basepairing 
between nucleotide 63 and nucleotide 87. Binding of the 63-87 probe (SEQ ID NO:l 15) 
follows a profile similar to that observed with the 62-98 probe; this structure does not 
appear to form in a significant population of either the 128-mer or 121-mer target 
molecules. When the target is both shortened, and the 1 13 "C" mutation is added, the 
binding at this site is markedly increased, yielding a signal about 13% of that from the 
non-bridging control. It is not surprising that it does not increase to the same extent as 
the 62-98 structure, because it represents an alternative conformer of the same molecule 
(the 113 MM target) and, absent any conformational shift actually promoted by the 
binding of the probe, the presence of the 62-98 structure would block binding of this 
probe. 

These data clearly show that distal sequences can have an effect on local 
structures, which is consistent with earlier observations (Brow, et al. supra). The 
structure analysis method of the present invention provides a way of clearly identifying 
the regions of structural interaction. However, it is envisioned that this method has utility 
beyond the design and optimization of bridging probes. This type of structure analysis 
can also be used to improve the performance of other analysis methods based on 
structure. For example, some regions of genes are refractory to CFLP and/or SSCP 
analysis because the mutations do not detectably alter the conformations of the folded 
target nucleic acids. In other applications a sites on a molecule that would be useful for 
hybridization {e.g., for detection, analysis, or antisense purposes) might be inaccessible 
due to strand folding. The knowledge gained in using the structure analysis method 
described herein allows selection of target materials or sites more amenable to these 
methods. For example, PCR primers used to generate the materials for the CFLP and 
SSCP analysis may be relocated to eliminate undesirable structural interactions, or they 
may include mutations or extra sequences chosen to specifically alter the folding behavior 
of the material. PCR primers might include a region of complementarity to a selected 
part of the resulting amplicon strand, the sequestration of which would cause a site of 
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interest to be disposed in a more desirable conformation (i.e., more revealing of mutation 
or polymorphism, or more accessible to hybridization for other purposes). In another 
embodiment, undesirable structures may be disrupted by the provision of an additional 
hybridization probe. Clearly, such disrupting probes need not interact directly with, or 
adjacent to the site of interest; it is envisioned that binding of such disrupting probes may 
be at a far removed location from the site of interest. The only requirement is that the 
binding of the probe cause a favorable change in the conformation assumed by the 
nucleic acid of interest. Such effect may be fairly direct (e.g., by direct blocking of the 
formation of an undesirable structure) or may be indirect (e.g., by precipitating a chain of 
conformational shifts that ultimately result in the elimination of an undesirable structure). 
This latter embodiment, in which the disrupter sequence is not made to be a part of the 
same strand as the sequence of interest, would have particular application in antisense 
applications in vivo. 

EXAMPLE 14 

Bridging Oligonucleotides 

Using the structure analysis methods described above, new bridging 
oligonucleotides were designed for the target HCV 244bp DNA, which is the same target 
used before. One set of probes was designed to span a structure predicted to form with a 
base pair between 161 and 205 (Figure 43 A), while the other was designed to span a 
newly identified structure formed with the base pair between 33 and 77 (Figure 43B). 

Three bridging oligonucleotides, shown as G161/C205(7), G33/C77 (7) and 
G33/C77 (8) (SEQ ID NOS:120,121, and 122, respectively), were used, and these had 7 
or 8 nucleotides of complementarity, respectively, to each side of hairpins formed in the 
HCV targets, subtypes la, lb, 2a/c, and 3a (SEQ ID NOS:26-29). They were 
synthetically labeled with fluorescein at their 5' ends and purified by gel-electrophoresis. 
A hybridization mixture was assembled containing 10-20 fmols of a biotin-labeled test 
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HCV amplicon, (prepared as described in Example 3, but using the biotinylated primer 
described in Example 8) 1.5 pmole of one of the fluorescein-labeled capture probes, 
O.Olmg/ml tRNA and 0.2% acetylated BSA, in 150 jxl of 4.5X SSPE. The mixture was 
incubated at room temperature for 30 minutes. 
5 Aliquots (100 jal) of the mixtures were then transferred to wells in a 

streptavidin-coated 96-well plate (Boehringer Mannheim) and incubated at room 
temperature for 20 minutes. The plate was then washed three times with TBS (25 mM 
Tris-Cl, 0.15 M NaCl, pH 7.2) with 0.01% TWEEN-20 non-ionic detergent. Then, 100 
jil of a 1:5000 dilution of 0.75 u/ml anti- fluorescein antibody conjugated with 

10 alkaline-phosphatase in 0.2% I-block buffer (Tropix, Bedford, MA) was added to each 

well. After 20 minutes at room temperature, the plate was washed three times with TBS 
with 0.01% TWEEN-20. Then, 100 ^1 of Attophos fluorescent substrate (JBL, San Louis 
Obisbo, CA) were added to each well and the plate was incubated at 37°C for 1 hour, 
before fluorescence readings were taken using a Perkin-Elmer Cytofluor-4000 set to 

15 excite at 450/50 nm and to and detect emission at 580/50 nm. Each assay was performed 

in duplicate with the standard deviation represented by the black bar at the top of each 
column in the Figure 44A and 44B, the fluorescence intensity is indicated in arbitrary 
fluorescence units. 

These data show that the use of shorter contact sequences can enhance the 
20 discriminating power of the structure probing of variants using bridge probes. The data 

from capture by the G33/C77 (8) probe (SEQ ID NO: 122), shown in Figure 44A, can be 
compared to the center panel of Figure 44B, which shows the signals from the G33/C77 
(7) probe (SEQ ID NO: 121).- The latter probe binds the same structure as the former, but 
has only 7 nt of complementarity on either side of the spacer. Even though the total 
25 fluorescence signal is reduced, the use of shorter probe results in a greater difference in 

signal between the different HCV genotypes, allowing more accurate identification of 
these types. Similarly, the use of the G161/C205 (7) probe (SEQ ID NO:120) , which is 
similar to probe "b" (SEQ ID NO:53) described in Example 8 but is one nt shorter on 
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either terminus, shows the same effect. Examination of the binding of "b" to the same 
four types of HCV, shown in figures 19 and 25 demonstrates that types la, lb and 2a/c 
produce similar amounts of signal compared to the non-bridging control shown in each 
panel; 3a does not efficiently bind probe "b". In comparison, the capture signals from the 
5 shorter probe G161/C205 (7), shown in the right hand panel of Figure 44B show much 

greater discrimination between the la, lb and 2a/c normalized signals, each being distinct 
from the others. These data demonstrate that the use of probes having shorter contact 
sequences can allow more sensitive distinction between the structures assumed by closely 
related nucleic acid molecules (i.e., those differing in sequence by only one or a few 

10 nucleotides). 

It is also clear from the above that the present invention provides methods for the 
analysis of secondary structure within nucleic acids, without the need for either 
electrophoretic separation of conformations or fragments or for elaborate and expensive 
methods of visualizing gels (e.g., darkroom supplies, blotting equipment or fluorescence 

1 5 imagers). The novel methods of the present invention allow the rapid identification of 

variants (e.g., mutations) within genes obtained from various organisms, including 
humans. 

EXAMPLE 15 

20 Determining Extendible Sites from RT Extension Products 

A. Reverse Transcription and PCR; Deoxyoligonucleotide synthesis and 
purification 

Deoxyoligonucleotides were synthesized on solid support using standard 
25 phosphoramidites chemistry on an Expedite 8909 (PE Biosystems) synthesizer. Equal 

amounts of amidites were mixed and used for synthesis of degenerate bases. For 
fluorescently labeled oligonucleotide, the fluorescent label tetracholorofluorecsein (TET) 
was added to the 5 '-end of the oligonucleotides as a phosphoramidite (Glen Research). 



- 190- 



J 1 

After completion of the synthesis, oligonucleotides were deblocked and deprotected by 
treatment with concentrated ammonia at 60 °C for 5 hrs. Oligonucleotides were further 
purified by electrophoresis on a 20% denaturing polyacrylamide gel (19: 1) in a buffer of 
7 M urea, 45 raM Tris-borate, pH 8.3, 1.4 mM EDTA. After excision of the major band, 
the DNA was eluted in 0.5 M ammonium acetate, 10 mM Mg acetate, 0.1% SDS at 37 °C 
overnight. Oligonucleotides were then desalted using NAP- 10 size exclusion column 
(Amersham-Pharmacia Biotech) and UV absorption at 260 nm was used to determine 
their final concentrations. 

B. RNA Synthesis 

cDNA clones used in this study were generated using standard RT-PCR methods 
with Access RNA kit (Promega Corp., Madison, WI) on total RNA isolated from human 
T cells. cDNAs were then cloned into pGEM-T easy vectors (Promega Corp., Madison, 
WI), transformed into E. coli TOPI OA (Invitrogen, Carlsbad, CA) cells. Plasmid DNA 
was isolated from transformed colonies using standard procedures and the sequence of 
the cDNA inserts was confirmed by sequencing on a 377 ABI Prism sequencer. 
Transcription was used to prepare all RNA used in this study using T7-MEGAshortscript 
transcription kit (Ambion) following the vendors recommended procedure. T7 promoter 
sequence was added to the sense strand primer of the PCR reaction to generate DNA 
transcription templates from plasmid DNA containing cDNA inserts. 

After completion of the transcription reactions, transcription templates were 
removed from RNA transcripts by addition of DNase I. RNA transcripts were further 
purified on 8% denaturing PAGE and visualized by UV shadowing, excised, and eluted 
in 0.5 M ammonium acetate, 10 mM Magnesium acetate, 0.1% SDS at 37 °C overnight. 
RNA transcripts were finally desalted by ethanol precipitation. 

Unless otherwise indicated, Moloney-Murine Leukemia virus (MMLV) reverse 
transcriptase (Promega Corp., Madison, WI) was used for all RT experiments (100 units/ 
reaction). RT reactions were performed in 20 volumes with the final pre-hybridized 
oligomer-RNA mixtures diluted in a 1:10 ratio resulting in buffer concentrations of 10 
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mM Tris-HCl, 50 mM KC1, 1.5 mM MgCl 2 . 0.5 raM and 0.25 niM concentrations of 
deoxynucleotide triphosphates (Promega Corp., Madison, WI) were used for RT and PCR 
reactions, respectively. Reverse transcription was performed for 30 - 60 minutes at 42 °C 
followed by a heating step to 92 °C for 10 minutes and a cool down to 4 °C. Taq DNA 

5 polymerase (PE Biosystems, Foster City, CA) (5 units/reaction) was used for PCR 

amplification of the RT products in a reaction buffer containing 10 mM Tris-HCl, 50 mM 
KC1, and 1.5 mM MgCl 2 using 30 cycles with a denaturing temperature of 95 °C for 45 
seconds, an annealing temperature of 50 °C for 45 seconds, and an extension temperature 
of 72 °C for 2 minutes. Sense-strand primers used for PCR amplifications were target 

10 cDNA specific designed to have a melting temperature of approximately 50 °C (Allawi 

and SantaLucia, Biochemistry 36:10581 [1997]). Antisense-strand primers were 5'-tag 
specific (see above) and had the following sequences: 5 '-CTTAAGGTAGGACTAC-3 ' 
(SEQ ID NO:124) for Tag-A and 5 '-C ATTTTCC AACCTTAA-3 ' (SEQ ID NO:125) for 
Tag-B. 0.5 jiM final concentration of 5 '-TET labeled sense strand primers and tag 

15 specific antisense primers were used. RT-PCR products were loaded on a 6% denaturing 

PAGE (19:1) and scanned and analyzed on an FMBIO-100 fluorescent gel scanner 
(Hitachi) using a 585 nm emission filter. For RT reactions containing 2'-0-methylated 
antitags, 2.5 jj,M final concentrations of oligonucleotides with same sequences as the 
anti-sense PCR primers for each 5 '-tag were added to the degenerate oligomers-RNA 

20 mixtures prior to the RT reactions. 

C. Sequencing Reactions 

Thermosequenase sequencing kit (Amersham Pharmacia Biotech) was used for 
sequencing reactions. Approximately 250 - 500 ng of cDNA and one unit of 
Thermosequenase in a buffer containing 65 mM Tris-HCl, 1 mM MgCl 2 were used for 
25 sequencing reactions. Four reactions with 0.25 |JV1 5 '-TET labeled sequencing primers 

(for Figure 47, ladder primer SEQ ID NO: 140 was used) and 75 and 7.5 mM of each of 
the four dNTP and ddNTP, respectively were cycled 70 times using a denaturing step at 
95 °C for 30 seconds, an annealing step at 50 °C for 30 seconds, and an extension at 72 °C 
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for 2 minute. Sequencing products were then loaded on a 8% denaturing PAGE (19:1) 
and scanned and analyzed as described above. Figure 46 shows PCR-amplified extension 
products obtained for human interferon-y mRNA (hlFN-y) (SEQ ID NO: 141) using RT 
with oligonucleotides having degenerate portions ranging in lengths from 0 to 16 (SEQ 
5 ID NOs:126-133), each linked to a 16 nucleotide 5'-tag (in combination with primer SEQ 

ID NO: 140). Close examination of Figure 46 reveals several features. It is observed that 
when the degenerate oligonucleotide length is below six, fewer RT products are present, 
and those that arise do not correlate with the products arising from reactions using 
primers with longer degenerate regions. When the length of the degenerate 

10 oligonucleotides is above 6 nucleotides, a clear pattern is observed, which is maintained 

when longer regions of degeneracy are used. 

It is also noticeable that the RT products become longer by the length difference 
between each degenerate oligonucleotide used. In other words, adding two nucleotides to 
the primer length produces an RT product that is, on average, two nucleotides longer. 

1 5 This indicates that the 3' ends of each degenerate oligonucleotide are hybridizing to the 

same accessible sites on the RNA, and the added bases in the primer are added to the 
length of the final amplicon. The fact that consistent RT product bands are observed for 
degenerate oligomers of larger than six residues suggests a minimum of about six base 
pairs of primer/RNA target heteroduplex are needed for stability and perhaps for reverse 

20 transcriptase recognition. 

To map the position at which the 3 '-end of the degenerate primer bound and 
extended on the target RNA, a sequencing ladder was used. It can be presumed that each 
product band on the gel (Figure 46) corresponds to an RT product resulting from a 
degenerate primer binding and extending at an accessible region of the RNA. Figure 47 

25 shows an example of how a sequencing ladder was used to map the positions of two RT 

products of the hIFN-y. To do so, the RT product band(s) are simply aligned with the 
sequencing ladder and the sequence is read. This sequence is assumed to correspond to 
the fragment size of the RT-PCR product, the length of which is a sum of the lengths of 
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the 5 '-tag, the degenerate regions, and the distance between the binding site and the 5' 
end of the transcript. Thus to determine the position where the 3 '-end of the degenerate 
primer bound the RNA and extended, the length of the tag and the degenerate 
oligonucleotide are subtracted from the corresponding nucleotide position on the 
5 sequencing ladder and the position is obtained. For example, for a lOmer degenerate 

oligonucleotides linked to a 16mer 5 '-tag (total length 26 nucleotides) the nucleotide 
position at which the 3 '-end of the degenerate primer bound and extended on the RNA is 
simply the corresponding position on the sequencing ladder minus 25 nucleotide. 25 is 
used instead of 26 because the last nucleotide at 3 '-end of the degenerate primer is where 

10 the primer bound and extended. 

It is important to note that the intensity of the RT-PCR product on PAGE may not 
correlate with the extent of accessibility of the site. This is because of PCR artifacts that 
may amplify certain RT fragments more efficiently than others, thus making them appear 
to be more abundant. Additionally, it should be noted that the RT products obtained 

1 5 using DP-RT may not be individual bands, but rather may be a collection of bands that 

each differ in length by a single nucleotide. These collections of products indicate, with a 
one-to-two nucleotide resolution, the span of that accessible region of the mRNA. Each 
band is a position on the mRNA where a 3 '-end of a degenerate primer found access for 
hybridization and was extended. Some accessible regions could be as wide as ten 

20 nucleotides or as narrow as two or three nucleotides (Figure 47). 

D. 5 -Tag Sequence Effect 

It was also examined whether the use of different 5* tag sequences would alter the 
accessible sites detected using this method. The 5 '-tag linked to the degenerate part of 
the primers used in DP-RT is needed for purposes of PCR amplification of the RT 
25 products, as it provides a known sequence unrelated to the RNA for binding of a PCR 

primer. Figure 48 shows the sites identified using either TagA with 0, 8, or 12 degenerate 
bases (SEQ ID NO: 126, 130, or 132) or TagB with 0, 8, or 12 degenerate bases (SEQ ID 
NO: 134, 135, or 136). Reactions included an anti-tag primer as indicated. It is not 
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intended that the 5 '-tag hybridize to the RNA and, therefore it is expected that the 
RT-PCR primer extension pattern of a specific RNA target would generally be 
independent of the tag used. This was observed to be true in most cases, although some 
sites were observed that appeared or disappeared, depending on the tag sequence, 
5 indicated by the arrows in Figure 48. While not limiting the present invention to any 

particular mechanism, and an understanding of the mechanism in not necessary to 
practive the present invention, these products are believed to be due to partial homology 
between the tag sequence and some regions of the RNA target. To overcome this effect, 
an excess of 2'-0-methylated oligonucleotides complementary to the tag sequence, 

10 referred to as "anti-tags," were included in the RT reaction where indicated. The anti- 

tagA is SEQ ID NO:137 and the anti-tagB is SEQ ID N0138. It is contemplated that the 
anti-tags hybridize to the tag sequence, thereby preventing it from binding the RNA. The 
patterns in the indicated lanes of Figure 48 show that the false priming bands are 
substantially reduced, while the effect on the true primer extension patterns is minimal, 

1 5 even when the anti-tag concentrations are 5 times or more greater than the 

degenerate-tagged oligonucleotides. 

To ensure that all RT extension sites for a given RNA target are truly accessible 
sites and not tag artifacts, a modified procedure was devised in which two different tags, 
each with three different degenerate oligonucleotide lengths (N8, N10, and N12), are used 

20 (TagA oligonucleotides SEQ ID NOs:130, 131, and 132, respectively; TagB 

oligonucleotides SEQ ID NOs:135, 139 and 136, respectively). Any extension products 
that are not common between the two tags are then considered to be potentially false 
extension, or mis-priming sites that are not necessarily indicative of accessibility of the 
RNA at that site, while those that are observed for both tags are considered truly 

25 accessible. The three different lengths of degenerate regions used with each tag serve the 

purpose of reassuring that observed accessible sites are measured from true RT products 
and not PCR or tag sequence artifacts, since the true RT products resulting from different 
length degenerate primers finding accessible sites will have distinctive and reproducible 
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length differences between them. 

E. Choice of Enzymes (Reverse Transcriptase) and RT Temperature 

To ensure that extension profiles obtained for a given RNA target are not 
dependent on the enzyme used for reverse transcription, the extension patterns obtained 
using several enzymes were compared, including viral reverse transcriptases such as 
MMLV and AMV, and bacterial DNA polymerases having reverse transcriptase activity, 
such as Thermus thermophilus (Tth) DNA polymerase. Even when used under slightly 
different conditions, primer extension by the different polymerases resulted in the same 
extension profile. The effects of the temperature at which the RT is performed was also 
examined, varying reactions from 37 to 55 °C. While the overall RT extension pattern 
remained consistent over a wide range of temperatures, higher temperatures resulted in 
extension from fewer sites and in the requirement for oligonucleotides having longer 
degenerate regions. 

F. Effect of Hybridization Conditions 

To test the effect of different salt and buffer conditions on the RT-PCR accessible 
sites pattern observed for a given RNA, degenerate oligonucleotide primers were 
hybridized to RNA targets in different buffers for different periods of times, prior to RT 
reactions. Varying salt concentrations in the hybridization buffers from 100 mM NaCl, 0 
MgCl 2 to 5 mM NaCl, 50 mM MgCl 2 did not have noticeable effect on accessible sites 
maps. However, for some RNA targets, minor differences were observed depending on 
the length of the hybridization period. Figure 49 shows the RT-PCR products observed 
using 10 min and 24 hr hybridization periods between hlFN-y mRNA (SEQ ID NO: 141) 
and the degenerate primers. Allowing 24 hrs of hybridization prior to RT resulted in the 
appearance of new products of 90 and 60 base pairs, (regions showing presence and 
absence are indicated by arrows), which did not appear when only 10 min were allowed 
for hybridization prior to the initiation of the RT. While not limiting the present 
invention to any particular mechanism, and an understanding of the mechanims is not 
necessary to practice the present invention, it appears that some accessible sites may 
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allow DNA hybridization at relatively slower rates than other sites. Interestingly, many 
of the sites products were not altered by the shorter hybridization time, indicating that a 
brief hybridization may be preferable for some embodiments of the present invention. 
For example, if rapid hybridization is preferable for an antisense therapeutic 
5 oligonucleotide, a comparison such as this can provide a means for distinguishing sites 

that are immediately accessible from those that require prolonged exposure to the 
hybridizing oligonucleotide. 

G. Target RNA Concentration 

To determine how much RNA is needed to obtain an accessible sites map, the 
10 RNA concentrations in the RT reactions was varied from 5 (100 pmoles) to 0.5 nM 

(1 finole). Detection of accessible sites required approximately 10 finoles (5 nM) of 
RNA and was dependent on the quality, purity, and integrity of the RNA target. Since 
the extended primers are subsequently amplified by PCR, optimizations of enzyme, 
primer, and salt concentrations along with RT time and PCR cycles allows this detection 
1 5 limit to be further reduced and allows the method to be easily adapted to be carried out on 

total cellular mRNA. 



EXAMPLE 16 



Correlation Between Accessibility of RNA as Measured by Extendibility of 
Degenerate Primers with Accessibility of RNA Previously Reported 

To further understand the nature of the sites that are observed in a given RNA to 
be accessible for primer extension, RNA targets that have been the characterized in 
previous studies were examined, with site accessibility being determined by either 
hybridization followed by RNase H digestion (Ha-ras mRNA) (Lima et al., Biochemistry 
31:12055 [1992]; Bruice and Lima, Biochemistry 36:5004 [1997]), or by hybridization to 
libraries of oligonucleotides arrays (rabbit p-globin mRNA) (Milner et al. 9 Nature 
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Biotechnology 15:537 [1997]). For the present examples, association and dissociation 
constants for hybridization reactions of oligonucleotides to RNA were previously 
determined using gel shift assays as described (Lima et ai, Biochemistry 31:12055 
[1992]; Fried and Crothers, Nucleic Acids Res., 9:6505 [1981]). Briefly, hybridization 
5 reactions were performed in 100 mM NaCl, 5mM MgCl 2 , 10 mM Tris-HCl pH 7.5 in 10 

volumes. Equal concentrations of the oligonucleotide and RNA target (100-10 nM) 
were used. The hybridization was carried out by heating the reaction mixture to 75 °C for 
3 minutes and slowly cooling down to 37 °C and incubating at that temperature for 1 to 
24 hours. Reactions were then transferred to an ice bath and 2 jiL of a gel loading buffer 

10 containing 50% glycerol and bromophenol blue in 10 mM Tris-HCl, 0.1 mM EDTA, pH 

8.0, pre-cooled to 0 °C, were then added. 5 j^L of each hybridization mixture were loaded 
on a nondenaturing polyacrylamide gel (10%) in a buffer containing IX TBE with 5mM 
MgCl 2 , at pre-equilibrated to 4 °C, and run at that temperature at 100 volts for 1 - 2 
hours. The resolved products were scanned and analyzed as described above. 

15 1. Ha-rasmRNA 

To compare accessible sites results obtained using the DP-RT method of the 
present invention with those obtained using RNase H footprinting, a 47-nucleotide 
transcript model of a mutant ha-ras mRNA hairpin loop corresponding to residues +18 to 
+64 of human ha-ras gene was chosen. Intensive studies were carried out previously on 

20 this 47 nucleotide hairpin loop by Bruice and Lima (Lima et al. , Biochemistry 31:1 2055 

[1992]; Bruice and Lima, Biochemistry 36:5004 [1997]). Bruice and Lima used RNase I 
footprinting and gel shift binding studies to determine favorable hybridization sites on the 
ras mRNA. 

Figure 50A shows the secondary structure of the 47mer ha-ras mRNA (SEQ ID 
25 NO: 142) with the extendible sites obtained using DP-RT highlighted in bold type. 

Compared to the Bruice and Lima results, the extension sites using the methods of the 
present invention are in complete agreement with their maximum accessibility results for 
nucleotides 18 to 24 of the ras RNA. Furthermore, when comparing binding constants 
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for twenty-six 12mer DNA oligonucleotides designed to complement the RNA with a one 
or two nucleotide step, it is observed that, with the exception of the 5' and 3' ends of the 
ras mRNA, appreciable binding and thus K a values are obtained for only oligonucleotides 
that have their 3 '-ends at nucleotides 18 to 24 of ras RNA (Figure 50B). This suggests 
that sites on RNA from which degenerate primers can be extended using the DP-RT 
method of the present invention can be classified as accessible sites on a target RNA for 
oligonucleotides that have their 3 '-ends at the extendible site. This correlation between 
the 3 '-end positioning of the complementary oligonucleotide and the DP-RT extendible 
sites makes sense, since RT extension occurs when the 3 '-end of the degenerate primer 
binds and accessible region of the RNA. Thus the accessible sites obtained using the 
methods of the present invention correlate with positions along an mRNA where 3 '-end 
of oligonucleotide hybridization is favorable. 
2. Rabbit p-globin 

Rabbit p-globin mRNA (SEQ ID NO: 143) was the target for determining its 
accessible sites by Milner et al. (Milner et al., Nature Biotechnology 15:537 [1997]). 
The authors used a library of deoxyoligonucleotide microarrays complementary to bases 
1-122 of the mRNA and concluded that regions from approximately bases 38-48, 64-73, 
and 93-116 are accessible, and observed maximum hybridization efficiency for 
oligonucleotides having their 3 '-ends at position 46 of the rabbit p-globin mRNA. To 
compare results, the accessible sites on this RNA were mapped using the DP-RT method 
of the present invention. Figure 5 1 shows the accessible sites map obtained for the first 
200 nucleotides of the rabbit p-globin mRNA, made using the 593 nucleotide full-length 
mRNA (SEQ ID NO: 143). Three major regions of the RNA were observed to be 
accessible: regions 44-50, 64-68, and 88-97. With minor variations on the span of these 
accessible regions, these results agree with the observations of Milner et al, confirming 
the correlation between extension of the degenerate primers and location of accessible 
sites on mRNA targets. 
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EXAMPLE 17 

Correlation Between Antisense Inhibition and Accessible Sites 
Determined using DP-RT 

Human intercellular adhesion molecule 1 mRNA (hICAM-1) was the target for 
intensive antisense oligonucleotide targeting studies carried out by groups at ISIS 
Pharmaceuticals and the Sczakiel laboratory (Patzel et al, Nucleic Acids Res., 27:4328 
[1999]; Yacyshynera/., Gastroenterology 114:1133 [1998]; Chiang etal, J. Biol. Chem., 
266:18162 [1991]; Bennett et al, J. Pharmacol. Exp. Ther., 280:988 [1997]). This made 
hICAM-1 a suitable candidate for assessing the applicability of accessible sites 
determined using DP-RT to the design of antisense reagents and therapeutics. A DP-RT 
accessible sites determination study was carried out on hICAM-1 mRNA corresponding 
to nucleotides 1 through 2,881 of the gene (GenBank accession NM_000201; SEQ ID 
NO: 144). Figure 52 shows the accessible sites results of the hICAM-1, indicated by the 
bold type. 

Comparison with previous studies revealed that, with a few minor exceptions, the 
DP-RT results were in agreement with published observations (Patzel et al, Nucleic 
Acids Res., 27:4328 [1999]; Yacyshyn et al, Gastroenterology 1 14:1 133 [1998]; Chiang 
et al, J. Biol. Chem., 266:18162 [1991]; Bennett et al, J. Pharmacol. Exp. Ther., 
280:988 [1997]) in that antisense oligonucleotides exhibiting a high degree of inhibition 
lie in regions that DP-RT analysis determines to be accessible, and that oligonucleotides 
that show insignificant control over gene expression are in regions that DP-RT 
determines to be inaccessible. For example, oligonucleotide ISIS 1939 (SEQ ID 
NO: 145), which has been shown to have the strongest control over ICAM-1 gene 
expression of the studied oligonucleotides (Chiang et al, J. Biol. Chem., 266:18162 
[1991]; Bennett et al, J. Immunol., 152:3530 [1994]), has its 3'-end in a region indicated 
as accessible by DP-RT (region 1939-1945). Similarly, ISIS 1570 (SEQ ID NO:146), 
which also showed appreciable inhibition (Bennett et al, J. Immunol., 152:3530 [1994]), 
coincides with regions determined to be accessible by DP-RT (region 45-64). ISIS 1571 
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(SEQ ID NO: 147) and ISIS 1934 (SEQ ID NO: 148), which span regions 8-25 and 
337-356, respectively, exhibit poor inhibition (Chiang et al., J. Biol. Chem., 266:18162 
[1991]) and both lie in regions that DP-RT does not show as accessible. These data show 
that regions indicated to be accessible using DP-RT are excellent candidates for 
successful antisense oligonucleotide design and targeting. 

An exception to the agreement between DP-RT results and antisense efficacy was 
ISIS 2302 (SEQ ID NO: 149). ISIS 2302 has been shown to have a relatively high degree 
of inhibition (Yacyshyn et al, Gastroenterology 1 14:1133 [1998]; Bennett et al, J. 
Immunol., 152:3530 [1994]) but does not lie in an accessible region that is detected using 
DP-RT. It is interesting to note, however, that ISIS 2302 lies in a region that is flanked 
by two accessible regions (ISIS 2302 spans nucleotides 2100-21 19 which is in between 
accessible regions 2083-2091 and 2129-2136). Thus it could be the case that the 
proximity of these two accessible regions allowed for the successful hybridization of ISIS 
2302. 

Another major study performed on hICAM-1 was carried out by Patzel and 
coworkers (Patzel et al, Nucleic Acids Res., 27:4328 [1999]). The authors used a 
computer algorithm for predicting accessible regions of the hICAM-1 RNA. They 
predicted six regions to be accessible, out of which three around nucleotides 596, 1376, 
and 1616 were deemed "highly" accessible. Experimental antisense inhibition results on 
these three regions, especially the region around position 1616, were successful in terms 
of inhibiting gene expression. Nonetheless, the authors screened a large number of 
oligonucleotides for each site region to find these effective antisense oligonucleotides. 
For example, for sites 596, 1376, and 1616, a total of twenty one oligonucleotides were 
tested. The reason for testing such a large number of antisense oligonucleotides was due 
to the fact that moving antisense oligonucleotides by one nucleotide upstream or 
downstream on the mRNA target caused a dramatic change in their efficacy and thus 
"fine-tuning" the position of the most effective antisense oligonucleotide was needed. 

Figure 52 shows the ICAM gene sequence aligned with the ISIS antisense 
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oligonucleotides. Regions determined to be accessible in the ICAM RNA using the 
method of the present invention are shown in bold type. When comparing the results 
obtained using the methods of the present invention with the Patzel et al. study, an 
excellent agreement between accessible sites determined using DP-RT and antisense 
inhibition was observed. All regions predicted and successfully tested by Patzel et al. for 
antisense inhibition (596, 1206, 1376, 1616, and 1846) coincided with accessible regions 
determined using DP-RT. Interestingly, antisense oligonucleotides tested for site 1616, 
which were shown to have the highest degree of inhibition compared to all others 
including ISIS's, lie in a three consecutive and closely spaced accessible regions as 
determined by DP-RT, further evidence that the DP-RT is an effective tool for 
determining accessible sites in RNA for antisense purposes. 

EXAMPLE 18 

Application of Accessible Sites Selection for INVADER Assay Oligonucleotide 

Design 

Figure 53 shows the accessible sites profile for hIFN-y mRNA (GenBank 
accession X01992, SEQ ID NO: 141) obtained using the DP-RT procedure. In this RNA 
target, the methods of the present invention indicate that there are 18 sites accessible for 
degenerate primer extension. The sites for a shorter transcript that spans nucleotides 174 
to 591 of the full length RNA and were also mapped. In agreement with previous 
observations on other RNA targets (Sohail et al., RNA 5:646 [1999]), accessible sites in 
the shorter transcript were identical to those mapped in the full-length RNA. To assess 
the correlation between accessible sites obtained using the methods of the present 
invention and the level of performance of the INVADER assay, INVADER experiments 
were performed on the accessible site around residue 331 (referred to as site 330) of the 
hIFN-y. A walking approach was tested, which comprises testing multiple 
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oligonucleotide probes, the first having a 3 '-end hybridizing to position 315 and the other 
probes hybridizing to sites that shift in one nucleotide steps to position 335 of the hlFN-y. 
A, INVADER Assays 

INVADER assays were performed in 10 j^L total reaction volumes using 10 ng of 
5 CLEAVASE TTH DN (Third Wave Technologies; See PCT Publication WO 98/23774, 

herein incorporated by reference in its entirety), 1 nM of RNA, and 1 jaM of 5 '-labeled 
fluorescence probe and INVADER oligonucleotides in a final reaction buffer containing 
500 ng/jiL tRNA, 10 mM MOPS pH 7.5, 0.1 M'KCl, and 5 mM MgCl 2 . To determine 
the optimal reaction temperature for each probe/INVADER oligonucleotide set, 

10 temperature optimization were performed on a gradient thermocycler. Once the optimal 

temperature was determined, a one hour INVADER reaction was carried out, followed by 
cooling to 4 °C and addition of 2 juL of gel loading dye containing 90% formamide, and 
bromophenol blue in 10 mM Tris-HCl, 0.1 mM EDTA, pH 8. 5 jaL of each reaction were 
then loaded on a 20% denaturing PAGE and allowed to run for 20 minutes and scanned 

15 as described above, using a 505 nm emission filter. Turnover rates were determined from 

the percentage of cleaved probe, as calculated from band intensities integrated using 
FMBIO-100 scanner software. 

Figure 54A shows the design of one of the INVADER substrates for site 330 in 
the hlFN-y (signal probe SEQ ID NO: 150; INVADER probe SEQ ID NO: 151); other 

20 probes were shifted across the accessible site as described above. INVADER assay 

results (Figure 54B) show that substantial cleavage, measured by the number of cleaved 
probes per minutes per target molecule (turnover rate), is obtained in three cases: when 
the probe 3 '-end is at the accessible site (probe hybridization region 332-343), when the 
INVADER oligonucleotide 3 '-end and/or the probe 5 '-end are at the accessible site 

25 (probe hybridization region 321-334), and when the middle of the probe hybridizing 

region is at the accessible site (region 327-339). These results are consistant with the 
quality of the information obtained from DP-RT, showing that the placing of the 3 '-ends 
of either the probe or the INVADER oligonucleotide at the accessible site results in high 
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INVADER assay turnover rates. The extension map obtained using DP-RT indicates 
positions along the RNA where the 3 '-end of the primers could bind and be extended. 
The results in which a high cleavage rate occurred when the middle of the probe was 
placed at the accessible region suggest that probe cycling kinetics may be a factor in the 
5 level of signal observed, since the INVADER reaction requires not only probe 

hybridization, but also requires probes turnover so that the cleaved probe may be replaced 
by an intact probe. 

In addition to hlFN-y, high turnover rates at accessible sites first identified using 
the DP-RT methods of the present invention were also observed for several other targets, 

10 such as human PSP94 and human ubiquitin, while negligible turnover rates were 

observed in control experiments that tested numerous probe and INVADER oligomers 
that spanned or 'walked 1 across non-accessible control regions (e.g., regions where no 
degenerate primer extension was observed). Thus, it is contemplated that accessible sites 
identified using DP-RT can be selected as targets sites for INVADER probes without 

1 5 further verification of the accessibility of the sites. 

EXAMPLE 19 

Application of Accessible Sites Selection for INVADER Assay Oligonucleotide 
20 Design for the General Detection of HI V-l 

The accessible sites method was employed in the design of probes for the 
INVADER assay-based detection of human immunodeficiency virus 1 (HIV-1). The 

25 detection of HIV-derived RNA presents an additional challenge in that this virus is 

known to be highly polymorphic, so known and potential variations in the target 
sequence must be taken into account if the intention is to design a probe or probe set that 
can be used without advance knowledge of the sequence of the particular variant to be 
detected. The method employed involved several steps. 

30 First, regions of greatest homology between the different genetic sub-types of 

HIV-1 were determined. This was done by visually inspecting the alignments of 
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approximately 140 different HIV-1 genomes using the 1998 and 1999 Compendium (Los 
Alamos HIV-1 database) and targeting the 2 most conserved regions (i.e., regions with 
the lowest density of nucleotide differences among the genomes) for analysis. Initial 
investigations were done using the p5' HIV-1 construct [the p5 f reagent was obtained 
5 from the AIDS Research and Reference Reagent Program, Division of AIDS, NIADD, 

NIH, from Drs. Dean Winslow and Lee Bacheler. (Winslow DL, Anton ED, Horlick PR, 
Zagursky RJ, Tritch RJ, Scamati H, Ackerman K, Bacheler LT. Construction of 
infectious molecular clones of HIV-1 containing defined mutations in the protease gene. 
Biochem Biophys Res Commun 205:1651-1657, 1994)]. 

10 Synthetic RNA transcripts spanning these conserved regions [bases 455-2076 of 

the gag gene, termed transcript 1 (SEQ ID NO: 158) and bases 3300-5070 of the pol gene, 
termed transcript 3 (SEQ ID NO: 159)] were prepared by established methods, outlined 
below, using the p5' HIV-1 reagent as template. All base positions are numbered relative 
to HXB2CG (Korber, et al, HIV Sequence Database, Los Alamos National Laboratories, 

15 Reviews [1998]). 

The regions of p5' HIV-1 to be analyzed were first amplified using PCR. For the 
pol gene region, amplification was done using a T7 promoter sequence in the forward 
PCR primer: 5'- 

CtGTAATACCtACTCACTATAGGCTGGACTGTCAATGACATACAGAAGTTAGTG 
20 GG-3' (SEQ ID NO:160, hybridizing to position 3300-3334), in conjunction with the 

reverse primer: 5 '-CACAATC ATC ACCTGCCATCTGTTTTCCATAATC-3 * (SEQ ID 
NO: 161, hybridizing to position 5037-5070). Amplification of the gag region was done 
using the T7 promoter sequence in the forward PCR primer: 5'- 
CtCtTAATACCtACTCACTATAGGTCTCTCTGGTTAGACC-3 ? (SEQ ID NO: 162, 
25 hybridizing to position 455-472) in conjunction with the reverse primer: 5'- 

CTCTCAGTACAATCTTTCAT-3 5 (SEQ ID NO: 163, hybridizing to position 2056- 
2076). PCR reactions were performed in 50 |j,l final volume and contained 5 jil of 10X 
PCR reaction buffer (Perkin Elmer GeneAmp PCR Kit, Cat. # J0843), 200^m dNTP's, 
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100 nM forward primer, 100 nM reverse primer, 2.5 units of AmpIiTaq or AmpliTaq 
Gold (Applied Biosystems), 40-43 ng p5' HIV-1 clone, and water to 50 50 ^1 of 
CHILLOUT liquid wax (MJ Research) was added and the reactions were denatured at 
95°C for 12 minutes, then cycled at 95°C for 45 seconds, 60° for 45 seconds, and 72° 
degrees for 60 seconds. This was repeated 30 times. Samples were then incubated for 10 
minutes at 72° and cooled to 4°C. 

PCR products were then used as templates in in vitro transcription assays. The 
T7-MEGAshortscript transcription kit (Ambion) was used according to the vendor's 
recommended procedure. After completion of the transcription reactions, DNA templates 
were removed from the RNA transcripts by the addition of Dnasel. 

Transcripts were purified by trizol RNA extraction as follows. RNA samples 
were heated to 95°C for 1 min., then cooled on ice. 500 ^1 trizol was added and reaction 
tubes were shaken by hand for 15 seconds. Reactions were incubated at room 
temperature for 2-3 minutes and centrifuged at 10,000 rpm for 15 minutes and 4°C The 
upper, aqueous phase (about 400 ^1) was transferred to a fresh tube, and an equal volume 
of isopropanol was added. Samples were incubated at room temperature for 10 min then 
centrifuged at 10,000 rpm for 10 minutes at 4°C. The supernatants were discarded and 
the pellets were dried. Each was dissolved in 100 jal of nuclease-free water. Finally, 
samples were purified using the RNeasy Mini Kit (Qiagen) according to the 
manufacturer's instructions. Samples were quantitated via absorbance at 260nm. 

Accessible sites were identified on both the pol and the gag transcripts using the 
DP-RT method described in Example 15. Buffer conditions and target 
RNA:oligonucleotide ratios for the RT reaction were as described in Example 15, though 
reaction volume was doubled to 40 jil. 

For the gag transcript, 5 ^1 of the RT reaction were transferred into each of 8 
tubes and PCR components were added to final conditions described in Example 15. 
Each reaction received one of eight different, target-cDNA specific, sense-strand, 
fluorescently labeled PCR primers, and a 5' tag specific antisense primer, as described in 
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Example 15. The sense primers were designed to have a melting temperature of 
approximately 60°C and are spaced approximately -100-200 nucleotides apart (shown 
underlined in Figure 55). PCR reaction products were run on a 6% denaturing PAGE 
alongside a sequence ladder, and the results imaged as detailed in Example 15. 
Accessible sites were identified as described above, and are indicated as bold type in 
Figure 55. For INVADER assay probe design, sites that were found to be in 
exceptionally variable regions of the HIV genome were passed over in favor of sites 
showing less polymorphism: 

Primer 4: Accessible sites were detected around 1080, 1 100, 1 160, and 1200 nt; 

Primer 5: Accessible sites were detected at 1320, 1370 and 1400; 

Primer 6: Accessible sites were detected at positions 1460 and 1480; 

Primer 7: Accessible sites detected at positions 1700, H20, 1730, and 1800; this 
site was noted to be exceptionally good with respect to sequence 
conservation; 

Primer 8: Excellent accessible sites detected at 1840-1850 (excellent because it is 
long, close (contiguous) to another site, with few polymorphisms in 
the immediate area. This region is known to be conserved with only 
scattered polymorphisms. Additional sites were detected at 1920 and 
1980. 

Fig, 56 shows the analysis of these sites using primer 8 and degenerate 
oligonucleotides of 0, 8, 10, or 12 nucleotides, in combination with 2 different tag 
sequences, tag A and tag B (see example 15 for tag sequence). 

The site identified using primer 8, the 1840-1850 site, was chosen as a target site 
for the design of INVADER/signal probe sets probe sets. Multiple pairs of probes were 
designed to determine an optimal position for the signal probe with respect to the 
detected accessible site. These probe sets are diagrammed in Figure 57; each signal probe 
included the 'A 5' arm and a 5' fluorescein as indicated on Signal Probe 13, and each was 
used with the INVADER oligonucleotide having the same number (i.e., Signal Probe 12 
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was used with INVADER oligonucleotide 12). INVADER assay reactions were 
performed as described in Example 18 using transcript #1 prepared as described above, 
with the additional step of purification on a 6% denaturing PAGE. The turnover rates 
were measured as the number of enzymatic cleavage events per target, per minute, and 
5 are charted in Fig. 5 8 . 

The probe set showing the greatest rate of signal accumulation (set 4 from Fig. 
57) was used to detect HIV viral RNA at a range of concentrations using the INVADER- 
squared assay format, described above. Viral RNA was isolated from HIV-positive 
plasma samples using the QIAamp Viral RNA Kit (Qiagen) with the following protocol 

10 modifications. A dilution series was created by diluting purified HIV viral particles 

(strain IIIB, Advanced Biotechnologies, Inc.) in negative plasma (Lampire Biological 
Laboratories, Pipersville, PA). The plasma was certified to be negative for Hepatitis B 
surface antigen, HIV, Hepatitis C Virus, and syphilis. One ml of each plasma sample was 
first subjected to high-speed centrifugation at 23,500 x g for 1 h at 4°C to concentrate the 

1 5 virus, 930 |il of supernatant was removed and discarded. To lyse the particles, 280 jxl of 

QIAgen buffer AVL were added and samples were incubated at 25°C for 10 min. The 
lysate was applied to the spin column after the addition of 280 jil 100% ethanol, followed 
by one wash with 500 p.1 QIAgen AW2. 50 M l of heated distilled H 2 0 (70°C) were 
added, columns were incubated at 70°C for 5 min, and the eluted RNA was collected by 

20 centrifugation. 

The INVADER assay reactions were performed as follows. Primary reaction 
components were combined to final concentrations of 4% PEG, 10 mM MOPS pH 7.5, 
0.05% Tween-20, 0.05% NP-40, 12.5 mM MgS0 4 , 1 jj,M primary probe, 0.5 ^M 
INVADER oligonucleotide, and 20 ng CLEAVASE IX enzyme (Third Wave) per 5 M l. 

25 For each reaction, 5 jal of HIV- 1 RNA (53-13,600 copies per reaction) were added to 5 jil 

of primary mix, covered with 10 jal of clear CHILL OUT liquid wax. Reactions were 
incubated at 65° C for 2 hours. During the primary reaction, the secondary components 
were combined to a final concentration of 0.4|iM secondary target oligonucleotide, 2jxM 
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FRET oligonucleotide, 10 mM MOPS pH 7.5, 0.05% Tween 20, 0.05% NP-40, and 8 H M 
ARRESTOR oligonucleotide, in a final volume of 5 jj,1 per reaction. After the primary 
reaction, 5 jil of the secondary reaction mix were added to the primary reaction, and 
samples were incubated for 1 hour at 60°C. Results were read using a standard 
5 fluorescence microtiter plate reader at a gain of 40, and excitation/emission 485/530. The 

accumulated signal and the data are summarized in Fig. 60. The target amounts are 
indicated as copies per reaction and four replicates were performed for each target 
amount. 

The pol gene transcripts were analyzed similarly to the gag gene, except each 

10 reaction received one of nine different target-cDNA specific, sense-strand, fluorescently 

labeled PCR primers, and a 5 ! tag specific antisense primer, as described in Example 15 
(see FIGURE 61 A-C; primer sequences are underlined). Reaction products were 
analyzed as described above for the gag region (data not shown). Sites found to be both 
accessible and in regions showing less polymorphism were found within primers 1, 2, 4, 

15 5, 6, 7, 8 and 9, with 8 and 9 having the best sites due to lack of regional polymorphisms 

and proximity to additional extendible sites. Of the accessible sites found within primers 
8 and 9, two general regions, (4790-4810, termed site 4800 and found in primer 8, and 
4910 - 4960, termed 4900 and found in primer 9) were chosen as target sites for the 
design of INVADER/signal probe sets. Multiple pairs of oligonucleotides \yere designed 

20 to determine an optimal position for the signal probe with respect to each detected 

accessible site. Eight different DMVADER/probe sets were designed for the accessible 
site around pol site 4900 (Figures 62 and 63), and 4 different INVADER 
oligonucleotide/probe sets were designed for the pol site 4800 (Figure 64). Reactions 
were tested with and without stacking oligonucleotides present, to determine if a greater 

25 turnover rate could be obtained. 

As seen in Figure 64, for the pol site 4800, only 4 different INVADER/probe 
oligonucleotide sets were tested (with and without stacking oligonucleotides). All of the 
designs position the probe oligonucleotide directly in the accessible site. Designs 1, 2 
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and 4 position the probe cleavage site within the accessible site, while Design 3 positions 
the cleavage site just downstream of the accessible site, so that only the 3' end of the 
probe is in the accessible site. Basic INVADER assay reactions without stacking 
oligonucleotides were performed as described in Example 18. Reactions containing 
5 stacking oligonucleotides were performed as described in Example 1 8, with the addition 

of 50 pmoles of a stacking oligonucleotide to the reaction. Results of the different 
designs and different reactions are represented graphically in FIGURE 65. Design 3 used 
with stacking oligonucleotides gives the highest turnover rate, with the other 3 designs 
being comparable in performance. All four oligonucleotide sets performed better with 
.10 the stacker than without, with the improvement being most dramatic in oligonucleotide 

sets 1 and 3. While not limiting the present invention to any particular mechanism, and 
while an understanding of these mechanisms is not necessary for the practice of the 
methods of the present invention, it is observed that the stacker oligonucleotides used for 
sets 1 and 3 are positioned to overlap or completely cover the adjacent accessible site, 

15 while the stackers for sets 2 and 4 cover sequence determined to be not accessible by the 

DP-RT method. Probe sets showing the greatest rate of signal accumulation (sets 1 and 3 
from Figure 65) were used to design a sequential INVADER assay {See e.g., U.S. Pat. 
No. 5,994,069 and PCT Publication WO 98/42873). 

In testing different primary arms and secondary system sequences, set 3 proved 

20 problematic due to sequence similarity with the secondary systems and primary arms, 

resulting in aberrant hybridization. Set 1 was therefore used to detect HIV particles at a 
range of concentrations, with probe designs shown in Figure 66. The viral samples were 
prepared as detailed above for the 1840 site, and the INVADER assay reactions were 
performed as described, with the resulting data shown in Figure 67. 

25 Probe sets were also designed for the Pol 4900 site. As shown in the Figures 62 

and 63, two INVADER/probe oligonucleotide sets were designed for sites 4910 and 
4930, and 4 sets were designed for site 4960. In each case, the cleavage site, indicated by 
an arrow, was positioned over the accessible site, with the two different sets being 
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displaced by a single base. All 8 designs were tested with and without stacking 
oligonucleotides, as described above, and those designs showing the best turnover rate 
(see Figure 68) were selected for further analysis. Set 5 gave the best turnover rates in 
studies testing different primary arms and the associated secondary systems, and was 
therefore used to detect HIV-1 RNA at a range of concentrations using the probe set 
diagrammed in Figure 69, with the results shown in Figure 70. 

The data from analysis of these accessible sites show that the DP-RT method of 
determining site accessibility produces improved INVADER assays for the detection of 
HIV RNA. In addition, these results show that information from accessible sites analysis 
performed on in vitro transcripts is transferable to the design of assays for the detection of 
the genomic RNA of HIV viral particles. 



In some embodiments, the present invention provides kits comprising one or more 
of the components necessary for practicing the present invention. For example, the 
present invention provides kits for storing or delivering the enzymes of the present 
invention and/or the reaction components necessary to practice a cleavage assay (e.g., the 
INVADER assay). By way of example, and not intending to limit the kits of the present 
invention to any particular configuration or combination of components, the following 
section describes one embodiment of a kit for practicing the present invention: 

In some embodiments, the kits of the present invention provide the following reagents: 



EXAMPLE 20 



Kits for performing the mRNA INVADER Assay 



CLE A VASE enzyme (e.g., 
CLEAVASE IX enzyme, Third 



Primary Oligos 



Wave Technologies) 
RNA Primary Buffer 1 
RNA Secondary Buffer 1 
tRNA Carrier [20 ng/^1] 



Secondary Oligos 

RNA Standard [lOOamol/^1] 

10X Cell Lysis Buffer 1 
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T 10 e 0 ., Buffer [lOmM TrisoHCl, 
pH 8, O.lmMEDTA] 



Examples of Primary Oligonucleotides and Secondary Oligonucleotides suitable 
for use with the methods of the present invention are provided in Figures 54A, 57, 59, 62, 
63, 64, 66, and 69. While the oligonucleotides shown therein may find use in a number 
of the methods, and variations of the methods, of the present invention, these INVADER 
assay oligonucleotide sets find particular use with kits of the present invention. The 
oligonucleotide sets may be used as individual sets to detect individual target RNAs, or 
may be combined in biplex or multiplex reactions for the detection of two or more 
analytes or controls in a single reaction. It is contemplated that the designs of these 
probes sets (e.g., the oligonucleotides and/or their sequences) may be adapted for use in 
DNA detection assays, using the guidelines for reaction design and optimization provided 
herein. Additional oligonucleotides that find use in detection assays and kits of the 
present invention, including, e.g., for use with the RNAs mapped for accessible sites 
shown in Figures 71-83B, may be designed and used according to the guidelines and 
methods provided hereinabove. 

In some embodiments, a kit of the present invention provides a list of additional 
components {e.g., reagents, supplies, and/or equipment) to be supplied by a user in order 
to perform the methods of the invention. For example, and without intending to limit 
such additional components lists to any particular components, one embodiment of such a 
list comprises the following: 

■ RNase-free {e.g. , DEPC-treated) H 2 0 

■ Clear CHILLOUT-14 liquid wax (MJ Research) or RNase-free, optical grade mineral 
oil (Sigma, Cat. No. M-5904) 

■ Phosphate-buffered saline (no MgCl 2 , no CaCl 2 ) 

■ 96-well polypropylene microplate (MJ Research, Cat. No. MSP-9601) 

■ 0.2-ml thin-wall tubes 
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■ Thermaseal well tape (e.g., GeneMate, Cat. No. T-2417-5) 

■ Multichannel pipets (0.5-10^1, 2.5-20^1, 20-200^1) 

■ Thermal cycler or other heat source (e.g., lab oven or heating block). 

■ Fluorescence microplate reader (a preferred plate reader is top-reading, equipped with 
light filters have the following characteristics: 

Excitation Emission 
(Wavelength/Bandwidth) (Wavelength/Bandwidth) 

485 nm/20 nm 530 nm/25 nm 

560 nm/20 nm 620 nm/40 nm 

In some embodiments, a kit of the present invention provides a list of optional 
components (e.g., reagents, supplies, and/or equipment) to be supplied by a user to 
facilitate performance of the methods of the invention. For example, and without 
intending to limit such optional components lists to any particular components, one 
embodiment of such a list comprises the following: 

■ tRNA Solution, 20ng/jal (Sigma, R-5636) 

■ IX Stop Solution (lOmM Tris-HCl, pH 8, lOmM EDTA) 

■ Black opaque, 96-well microplate (e.g., COSTAR, Cat. No. 3915) 

■ Electronic repeat pipet (250^) 

In some embodiments of a kit, detailed protocols are provided. In preferred 
embodiments, protocols for the assembly of INVADER assay reactions (e.g., 
formulations and preferred procedures for making reaction mixtures) are provided. In 
particularly preferred embodiments, protocols for assembly of reaction mixtures include 
computational or graphical aids to reduce risk of error in the performance of the methods 
of the present invention (e.g., tables to facilitate calculation of volumes of reagents 
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needed for multiple reactions, and plate-layout guides to assist in configuring multi-well 
assay plates to contain numerous assay reactions). By way of example, and without 
intending to limit such protocols to any particular content or format, kits of the present 
invention may comprise the following protocol: 

5 

I. DETAILED mRNA INVADER ASSAY PROTOCOL 

1. Plan the microplate layout for each experimental run. An example microplate layout 
for 40 samples, 6 standards, and a No Target Control is shown in Fig. 40. Inclusion of 
a No Target Control (tRNA Carrier or IX Cell Lysis Buffer 1) and quantitation 

10 standards are required for absolute quantitation. 

2. Prepare the Primary Reaction Mix for either the single or biplex assay format. To 
calculate the volumes of reaction components needed for the assay (X Volume), 
multiply the number of reactions (for both samples and controls) by 1.25 [X Volume 
(jal) = # reactions x 1.25]. Vortex the Primary Reaction Mix briefly after the last 

15 reagent addition to mix thoroughly. Aliquot 5^1 of the Primary Reaction Mix per 

microplate well (an electronic repeat pipet is recommended for this step). 



Primary Reaction Mix 
Single Assay Format 



20 



Reaction Components 


IX Volume 


X Volume 


RNA Primary Buffer 1 


4.0ul 




Primary Oligos 


0.25ul 




Ti„e n , Buffer 


0.25 u l 




CLEAVASE enz. enzyme 


0.5 U 1 




Total Mix Volume (IX) 


5.0ul 




Biplex Assay Format 


Reaction Components 


IX Volume 


X Volume 


RNA Primary Buffer 1 


4.0ul 




Primary Oligos 


0.25^1 
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Housekeeping Primary Oligos 


0.25^1 




CLEAVASE enzyme 


0.5^1 




Total Mix Volume (IX) 


5.0^1 





Add 5jil of each No Target Control, standard, or sample (total RNA or cell lysate) to 
the appropriate well and mix by pipetting up and down 1-2 times. Overlay each 
reaction with lOjil of clear CHILLOUT or mineral oil. Seal microplate with 
Thermaseal well tape. 

Incubate reactions for 90 minutes at 60°C in a thermal cycler or oven. 
While the primary reaction is incubating, prepare the Secondary FRET Reaction Mix 
for the single or biplex format. Calculate the component volumes required (X 
Volume) by multiplying the number of reactions (for both samples and controls) by 
1.25 [X Volume (jj) = # reactions x 1.25 (jj)]. Aliquot the Secondary FRET 
Reaction Mix into multiple 0.2-ml thin-wall tubes or an 8-well strip (70|ul/tube is 
sufficient for a row of 1 2 reactions). 

Secondary FRET Reaction Mix 



Single Assay Format 



Reaction Components 


IX Volume 


X Volume 


RNA Secondary Buffer 1 


2.0ul 




Secondary Oligos 


1.5 U 1 




T 10 e ot Buffer 


1.5 U 1 




Total Mix Volume (IX) 


5.0 U 1 




Biplex Assay Format 


Reaction Components 


IX Volume 


X Volume 


RNA Secondary Buffer 1 


2.0 U 1 




Secondary Oligos 


1.5 U 1 




Housekeeping Secondary Oligos 


1.5 U 1 
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Total Mix Volume (IX) | 5.0 U 1 



After the primary reaction incubation is completed, remove the microplate seal, and 
add 5p,l Secondary FRET Reaction Mix per well using a multichannel pipet. Mix by 
pipetting up and down 1-2 times. Reseal the microplate with the well tape and 
incubate the microplate at 60°C for 60 or 90 minutes, as indicated in each Product 
Information Sheet. The secondary reaction incubation time can be varied. See 
sections 2 of the PROCEDURAL NOTES FOR OPERATION OF THE mRNA 
INVADER ASSAY for details. 



Reactions can be read using one of two procedures: Direct Read or Stop and 
Transfer. 

NOTE: Remove the microplate seal before reading the microplate. 
Direct Read Procedure 

■ This procedure enables collection of multiple data sets to extend the assay's . 
dynamic range. During the secondary INVADER reaction, read the microplate 
directly in a top-reading fluorescence microplate reader. 

Recommended settings for a PerSeptive Biosystem Cytofluor 4000 instrument are as 
follows: 

Specific Gene Signal: Housekeeping Gene Signal: 



Excitation: 485/20nm Excitation: 560/20nm 

Emission: 530/25nm Emission: 620/40nm 

Reads/Well: 10 Reads/Well: 10 

Gain: 40 Gain: 45 

Temperature: 25°C Temperature: 25°C 



NOTE: Because the optimal gain setting can vary between instruments, adjust 
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the gain as needed to give the best signal/background ratio (sample raw signal 
divided by the No Target Control signal) or No Target Control sample readings of 
~100 RFUs. Fluorescence microplate readers that use a xenon lamp source 
generally produce higher RFUs. For directly reading the microplates, the probe 
height of, and how the plate is positioned in, the fluorescence microplate reader 
may need to be adjusted according to the manufacturer's recommendations. 

Stop and Transfer Procedure 

1. Prepare IX Stop Solution (lOmM Tris-HCl, pH 8, lOmM EDTA) with 
RNase-free H 2 0. Add lOOjal per well with a multichannel pipet. 

2. Transfer lOOjal of the diluted reactions to a black microplate (e.g., 
COSTAR (Corning), Cat. No. 3915). 

3. Read the microplate using the same parameters as the Direct Read 
Procedure, but adjust the gain to give No Target Control sample readings of -100 
RFUs (see NOTE above). 

In some embodiments, supplementary documentation, such as protocols for 
ancillary procedures, e.g., for the preparation of additional reagents, or for preparation of 
samples for use in the methods of the present invention, are provided. In preferred 
embodiments, supplementary documentation includes guidelines and lists of precautions 
provided to facilitate successful use of the methods and kits by unskilled or inexperienced 
users. In particularly preferred embodiments, supplementary documentation includes a 
troubleshooting guide, e.g., a guide describing possible problems that may be 
encountered by users, and providing suggested solutions or corrections to intended to aid 
the user in resolving or avoiding such problems. 

For example, and without intending to limit such supplementary documentation to . 
any particular content, kits of the present invention may comprise any of the following 
procedures and guidelines: 
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II. AVOIDANCE OF RNase CONTAMINATION 

To avoid RNase contamination during sample preparation and testing, in one 
embodiment, the user is cautioned to observe the following precautions: 
5 • Wear disposable gloves at all times to avoid contact with samples and reagents. 

• Use certified RNase- free disposables, including thin-wall polypropylene tubes and 
aerosol-barrier pipet tips, for preparing samples and assay reagents, to avoid cross- 
contamination. 

• Use RNase-free (DEPC-treated) H 2 0 for diluting samples and/or reagents. 
10 • Keep RNA samples and controls on ice during assay setup. 

III. SAMPLE AND CONTROL PREPARATION 

NOTE: Dilute both standards and samples to concentrations that correspond to a 
5-jal addition per reaction. 

15 Example 1: The concentration of a 5-attomole standard is lamol/|j,l. lamol = 10' 

18 mole = 602,000 molecules. 

Example 2: The concentration of a 100-ng sample should be 20ng/(il. 
A. Control Preparation 

No Target Control: 
20 Total RNA Format: tRNA Carrier (20ng/jal) 

Cell Lysate Format: IX Cell Lysis Buffer 1 (dilute 10X Cell Lysis Buffer 1 to IX 
with RNase-free H 2 0) 
Positive Control: RNA Standard (Std) (100amol/(al in vitro transcript) 
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1 . Prepare RNA standards by diluting the positive controls with tRNA Carrier (when 
running total RNA samples) or with IX Cell Lysis Buffer 1 [10X Cell Lysis Buffer 
1 diluted with RNase-free H 2 0] (when running cell lysate samples). The Product 
Information Sheet included in each kit indicates the recommended standard test 
levels and preparation methods. 

2. Using a fresh set of standards for each run is recommended. Store the standards on 
ice during reaction setup. 

B. Total RNA Sample Preparation 

1 . Prepare total RNA from cells or tissue according to manufacturer's instructions for 
the selected preparation method. Recommended methods include TRIZOL (Life 
Technologies, Rockville, MD), RNEASY (Qiagen, Valencia, CA), and RNA WIZ 
(Ambion, Austin, TX). 

2. Dilute total RNA samples with RNase-free H 2 0 to the appropriate concentration. 

C. Cell Lysate Sample Preparation - 96-welI microplate format 

NOTE: This cell lysate detection format is used for adherent cells cultured in 96-well 
tissue culture microplates. Cells are typically seeded at 10,000-^0,000 cells per well. 
Different seeding densities may be required depending on cell type and/or mRNA 
expression levels. See Procedural Notes for more details. For cells exhibiting high 
expression, the following methods can be used to attenuate the signal from the cell 
lysates: 

■ plate fewer cells per well; 

■ dilute the cell lysates with IX Cell Lysis Buffer 1 before addition to the 
reaction {e.g., 2.5^1 lysate + 2.5|il IX Cell Lysis Buffer 1); 

■ read the reaction microplate 1 5-30 minutes after addition of the 
Secondary FRET Reaction Mix instead of the recommended 60-90 
minutes; 
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1. Dilute 10X Cell Lysis Buffer 1 to a IX concentration with RNase-free H 2 0. 

2. Using a multichannel pipet, carefully remove the culture medium from the wells 
of adherent cells without disturbing the cell monolayer. 

3. Wash the cells once with 200|j,l PBS (no MgCl 2 , no CaCl 2 ) and carefully remove 
the residual PBS with the multichannel pipet. 

4. Add 40(^1 IX Cell Lysis Buffer 1 per well. Lyse cells at room temperature for 3-5 
minutes. 

5. Using a multichannel pipet, carefully transfer 25(4,1 of each lysate sample into a 
96-well microplate. Avoid transferring cellular material from the bottom of the well. 

6. Overlay each lysate sample with IOjjJ clear CHILLOUT or mineral oil 
(overlaying is not necessary if using a heated-lid thermal cycler). 

7. Seal microplate with Thermaseal well tape. Immediately heat lysates at 75-80°C 
for 15 minutes in a thermal cycler or oven to inactivate cellular nucleases. 

8. During the heating step, proceed with the reaction setup. See DETAILED mRNA 
INVADER ASSAY PROTOCOL (above) for instructions. 

9. After the heat inactivation step, add the lysate samples immediately to the reaction 
microplate. Alternatively, the lysate samples can be quickly transferred to a -70°C 
freezer for later testing (long-term stability has not been established and may differ 
for each cell type). 

IV. PROCEDURAL NOTES FOR OPERATION OF THE mRNA INVADER 
ASSAY 

1 . RNA sample types and optimization of RNA sample amount. 

The assay is optimized for performance with total RNA samples prepared 
from either tissue or cells. Several total RNA preparation methods/kits have been 
validated for performance in the mRNA INVADER assay: 
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• TRIZOL (Life Technologies, Rockville, MD) 

• RNeasy (Qiagen, Valencia, CA) 

• RNA WIZ (Ambion, Austin, TX) 

It is important to use a method or kit that minimizes the level of genomic 
DNA, which can inhibit signal generation. Performance of a preliminary 
experiment is recommended to determine the amount of total RNA sample 
(typically l-200ng, depending on the gene's expression level) that provides the 
best limit of detection and dynamic range. 

The assay has also been validated with lysate samples from a number of 
cell types. Recommended cell densities in a 96-well tissue culture microplate are 
10,000-40,000 cells per well depending on cell type and expression level of the 
gene of interest. Performance of a preliminary experiment is recommended for 
any given cell line and/or gene being monitored. Such an experiment should 
include different cell density levels and/or dilution of the lysate samples with IX 
Cell Lysis Buffer 1 {e.g. a test level is prepared by mixing ljal lysate sample + 
4jal IX Cell Lysis Buffer 1 for a 5)il sample addition). 

Dynamic range modulation: variable secondary reaction incubation times. 

The length of the secondary reaction incubation time listed in the protocol 
is sufficient for most analytes. However, the linear detection range 
(Signal/Background < 15-25) can be adjusted by reading the reaction microplate 
at variable times after addition of the secondary FRET reagents. For example, 
high expression samples can often be detected in 15-30 minutes. The Direct Read 
method (DETAILED mRNA INVADER ASSAY PROTOCOL, step 7) enables 
simple optimization of the secondary reaction time as the reaction microplate can 
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be incubated further if an early time read does not provide enough signal from the 
samples being tested. 

Monitoring the secondary reaction fluorescence signal with time can also 
extend the dynamic range of the assay. The Direct Read method at multiple time 
points can be applied using low-cost instrumentation. Alternatively, real-time 
fluorescence instrumentation can be used to achieve comparable dynamic ranges 
exhibited by other mRNA quantitation methods. 

Dynamic range modulation: variable sample levels. 

While the FRET detection method greatly simplifies the assay, the 

dynamic range is typically limited to 2-3 logs when using an endpoint read 

method. However, since mRNA INVADER assay signal is generated linearly 

with both target level and time, the easiest method for extending the dynamic 

range beyond 3 logs (as may be required, e.g., for highly induced genes) is to 

adjust total RNA sample levels. Fold changes in gene expression (treated sample 

signal divided by untreated sample signal) can be reliably calculated using 

normalized sample signals. This is accomplished by testing sample levels that 

give signal within the linear detection range defined by the standard curve. For 

example, the fold induction for a highly induced sample can be calculated as 

follows: 

Fold induction = (Net Signal for 1 ng treated sample X 100) / Net Signal 
for 100 ng untreated sample 
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V. TROUBLESHOOTING GUIDE 



Problem 


Possible Solution 


No signal 


• Check that the fluorescence micronlate reader has been set nn 
correctly and that the appropriate excitation and emission filters are 
in place. 

• Perform mRNA INVADER assay with the provided standard as a 
positive control. 

• Potential RNase contamination of the samples and reagents. 
Discard suspect reagents. 

• Use only reagents and oligonucleotides supplied in the kit. Do not 
mix reagents or oligonucleotides between kits. 


High variation 

between 

replicates 


• Always work with master primary and secondary reaction mixes. 

• Thoroughly mix all master mixes and samples. 

• Pipet in a similar manner across all the controls and samples. 

• Calibrate pipets frequently. 


Lack of low 
target level 
detection 


• Calibrate thermal cycler or heat block. 

• Minimize assay variability (see above), i.e. CVs are less than 5% 
for the sample replicates. This is particularly important for 
detecting low target levels. 


Lack of 
discrimination 
between high 
signal samples 


• Decrease secondary reaction incubation time to achieve detection 
within the linear range of the assay. 

• Use less total RNA per reaction. 

• Attenuate cell lvsate sample sienal (see NOTE Samnle and Control 
Preparation, Part C). 


Signal 
inhibition 


• Run samples on an agarose gel to check for presence of genomic 
DNA. Alter the RNA sample isolation method to minimize 
genomic DNA or presence of other inhibitors. The same isolation 
procedure should be used throughout an experiment. 

• If using the cell lysate format, residual PBS can be inhibitory. Be 
sure to remove residual PBS from the tissue culture microplate. Do 
not use PBS that contains MgCl 2 or CaCl 2 , which inhibits the assay. 
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APPENDIX A: 

mRNA INVADER SINGLE ASSAY WORKSHEET 

mRNA FMVAPFR ASSAY PROPFTYTrRF 

■ Prepare samples and controls. 

■ Prepare Primary Reaction Mix. Vortex briefly and aliquot 5^1 per well. 

■ Add 5jal sample or control per well and pipet up and down 1-2 times. 

■ Add 10^1 CHILLOUT or mineral oil per well. 

■ Incubate primary reaction at 60°C for 90 minutes. 

■ Prepare Secondary FRET Reaction Mix, vortex briefly. 

■ Using a multichannel pipet, aliquot 5^1 per well and pipet up and down 1-2 times. 

■ Incubate secondary reaction at 60°C for 60 or 90 minutes. 

■ Read microplate in fluorescence microplate reader (FAM Dye: Ex. 485 nm/Em. 
530 nm). 



PRIMARY REACTION MIX 



Reaction Components 


IX Volume 


X Volume (No. of 
reactions x 1.25) 


RNA Primary Buffer 1 


4.0li1 




Primary Oligos 


0.25li1 




T, n e n i Buffer 


0.25|il 




CLEAVASEenzyme 


0.5lx1 


• 


Total Mix Volume (IX) 


5.0ul 




SECONDARY FRET REACTION MIX 


Reaction Components 


IX Volume 


X Volume 
(No. of reactions x 1.25) 


RNA Secondary Buffer 1 


2.0lJ 




Secondary Oligos 


1.5^1 




T, n e n i Buffer 


1.5iil 




Total Mix Volume (IX) 


5.0iil 
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APPENDIX B: 



mRNA INVADER BIPLEX ASSAY WORKSHEET 

mR N A INVA D ER A SSAY PR O CE D URE 
a Prepare samples and controls. 

0 Prepare Primary Reaction Mix. Vortex briefly and aliquot 5^1 per well. 

D Add 5jil sample or control per well and pipet up and down 1-2 times. 

0 Add 10^x1 CHILLOUT or mineral oil per well. 

D Incubate primary reaction at 60°C for 90 minutes. 

° Prepare Secondary FRET Reaction Mix, vortex briefly. 

D Using a multichannel pipet, aliquot 5jxl per well and pipet up and down 1-2 times. 
0 Incubate secondary reaction at 60°C for 60 or 90 minutes. 
a Read microplate in fluorescence microplate reader (FAM Dye: Ex. 485 nm/Em. 
530 nm and red dye: Ex. 560nm/Em. 620nm). 



PRIMARY REACTION MIX 



Reaction Components 


IX Volume 


X Volume 


RNA Primary Buffer 1 


4%1 




Primary Oligos 


0.25^1 




Housekeeping Primary Oligos 


0.25^1 




CLEAVASE IX enzyme 


0.5p.l 




Total Mix Volume (IX) 


5.0 U 1 




, SECONDARY FRET REACTION MIX 


Reaction Components 


IX Volume 


X Volume 

(it rpactinnc v 1 7S\ 


RNA Secondary Buffer 1 


2.0fil 




Secondary Oligos 


1.5^1 




Housekeeping Secondary Oligos 


1.5jil 




Total Mix Volume (IX) 


S.Oul 
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All publications and patents mentioned in the above specification are herein 
5 incorporated by reference. Various modifications and variations of the described method 

and system of the invention will be apparent to those skilled in the art without departing 
from the scope and spirit of the invention. Although the invention has been described in 
connection with specific preferred embodiments, it should be understood that the 
invention as claimed should not be unduly limited to such specific embodiments. Indeed, 
10 various modifications of the described modes for carrying out the invention which are 

obvious to those skilled in molecular biology or related fields are intended to be within 
the scope of the following claims. 
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